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‘In these strenuous times the engi- 
neering profession is confronted with 
a variety of complex problems many 
45 of which can be neither side-stepped 
nor deferred; they will be answered 
either by us or for us. 

We talk of an engineering profes- 
sion; of its relationship to a post-war 
world; of all manner of problems re- 
46 garding it, but, after all, what is this 

profession? Who and what is an engi- 
| neer? The 1940 S.P.E.E. report on 

Aims and Scope (Vol. XXX, No. 7, 
March 1940, p. 558) probably went as 
far as it is possible to go at present 
when, after outlining the great diversi- 
— fication and range of engineering ac- 
io tivity, concluded that “*. . . the engi- 
neering profession clearly cannot isolate 
itself from this complex of men and 
functions as a well-defined caste, it 
may be said to exist as a vaguely 
bounded nucleus within a much larger 
enveloping group which we may call 
the engineering fraternity.” 

While true, and therefore aca- 
demically satisfying, this statement 
gets us nowhere in our attempts to 
solve some of the problems now being 
pressed upon us. Whether we be 
members of a profession or a fraternity 
Matters little; we are members of an 
inarticulate group, one without a com- 
mon tongue. Doctors and lawyers 
arearticulate; we envy them, assuming 
that we need but do as they have done 
to attain an equally satisfactory solu- 
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By HERBERT J. GILKEY 
Second Vice President of the Society 


tion to our problem of professional self- 
expression. Such unwarranted as- 
sumptions on our part are at variance 
with the engineer’s alleged method of 
“looking his facts in the face.” Pro- 
fessional groups such as those of law 
and medicine are relatively homogene- 
ous, virtually every member of the 
entire profession performing purely 
personal services at a common level of 
professional stratification. There ex- 
ist within such a group few problems 
comparable to: the employing engi- 
neer vs. the employee engineer, the 
designing and inspection engineer vs. 
the constructing and contracting engi- 
neer; the salaried vs. the private- 
practice engineer. There is no prob- 
lem of professional vs. sub-professional 
services involving the promiscuous 
intermingling of recent graduates on 
their way up and mature men who are 
permanently established at a low engi- 
neering level. Probably most of the 
complicating elements within an engi- 
neering group are inherent and it is 
unlikely that engineering will ever be 
able to achieve neat segregations com- 
parable to the clean-cut differentials 
between doctors and related practi- 
tioners such as internes, nurses, 
attendants, medical technicians, nu- 
tritionists, ambulance drivers, phar- 
macists, druggists, chemists, bacteri- 
ologists and veterinarians. To be at 
all comparable in scope to engineering, 
medicine would have to embrace 
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everything from the delivery of a baby 
to the disposal of a carcass, from the 
manufacture of drugs and instruments 
to the performance of a tonsillectomy 
on a giraffe. 

Aside from the great diversity within 
a curricular engineering group there 
are very great differences in origins, 
backgrounds, economic status, outlook 
and interests between such major 
curricular groups as electrical, me- 
chanical and civil engineers. More- 
over, the whole trend in engineering 
appears to be toward the assumption 
of ever greater and more complicating 
diversification ; from the field of design 
and construction the engineer is being 
urged and virtually forced into the 
fields of finance, management, eco- 
nomics and politics. Obviously then, 
the engineer’s problems of professional 
unification are complicated ones. 

The failure of engineering thus far 
to have attained a reasonably satis- 
factory professional status is due much 
more to the complexity of the problem 
than to a lack of well directed effort or 
a failure to recognize a need. Far 
from being individualists and hermits, 
engineers are really quite gregarious; 
they are probably greater “joiners” 
than are either their legal or medical 
contemporaries. On the whole, the 
engineer of today has a rather highly 
developed professional self-conscious- 
ness but it is directed to the several 
founder and related societies not one 
of which can speak for the engineering 
fraternity. It is this fact that leaves 
the ‘‘profession’’ a lamb at large with- 
out a spokesman in an era of organized 
groups (one might say wolves) among 
which selfishness and piracy are 
rampant. 

In spite of the fact that the ideals of 
a professional group worthy of the 
name are directed exactly 180 degrees 
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‘bers of the engineering profession are 





away from those of the present day 
union in their outlook and attitude 
toward the public welfare, the facet 
remains that even now junior mem. 


being forced to unionize because other. 
wise they have no legal voice. We of 
the engineering fraternity have before 
us a choice between unification and 
unionization; for many of our constit- 
uency there is apparently no other 
alternative. This is but one of the 
questions confronting us but it és 
certainly one that calls for the best we 
have to offer toward a prompt solu- 
tion; we supply an answer or it will be 
supplied for us. 

If we propose to continue to per 
form engineering functions under engi- 
neering auspices it is up to us to 
supplement the excellent professional 
organizations now functioning effect- 
ively within their several fields by the 
addition of a nonrestrictive overall 
framework, an umbrella, under which 
all can function as a unit without any 
attempt, however, to alter the indi 
viduality or freedom of action of any 
professional group within its normal 
sphere of operation. 

As pointed out by President Doherty 
in his letter of September 28, 194 
(November issue of the Journal, p. 
205), the E.C.P.D. constitutes the 
latest and to date the most promising 
attempt to provide the type of over 
head organization required if pro 
fessional unification is to be achieved. 
This attempt can succeed only in 9 








far as it secures the recognition, at 
ceptance and support of the individual 
members of the engineering profession 
and it is there that the S.P.E.E. entes 
the picture in a most altruistic role. 
Working through the S.P.E.E. mem 
bership, the engineering teachers, the 
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national professional organizations 
have been able to augment the effect- 
iveness of their activities greatly 
during the past twenty years by 
tapping the interests and securing the 
support of the appropriate curricular 
groups of engineering students. By 
capitalizing on past experiences and 
using essentially the same approach it 
should easily be possible to extend the 
interest and loyalty of upper-class 
engineering students to embrace not 
only their respective curricular engi- 
neering groups but to include an 
interest in and whole-hearted support 
of the overall cover that must embrace 
the entire profession. 
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This assignment is tailor made for 
the Sections and Branches of the 
S.P.E.E. It is the local S.P.E.E. 
membership which can, if it will, in- 
ject overall engineering esprit de corps 
into the members of the oncoming 
generation of engineers. 

It is with such matters in mind that 
a meeting under the auspices of Sec- 
tions and Branches is being scheduled 
for the forthcoming Cincinnati con- 
vention, June 22-25, and it is here 
urged that all members of the Society 
give careful advance thought and 
study to these problems with a view to 
making constructive contributions to 
the discussions of next June. 











The A.S.T.P: Situation 


By ROBERT E. DOHERTY 
President of the Society 


The country rushed into A.S.T.P. 
on a grand scale, and being in, imme- 
diately rushed out. Why? Does this 
extraordinary phenomenon represent 
a blunder of the War Department or 
an unavoidable war casualty? Why 
didn’t the engineering profession or 
the S.P.E.E. or somebody do some- 
thing about it? These questions have 
been in the minds of many who carry 
responsibility in engineering education, 
and indeed have given rise to pointed 
expression and suggestions from some 
to the officers of the Society. 

I certainly do not know the answers, 
but I do have basis for one or two ob- 
servations. 

At bottom seems to be the fact that 
the supply of manpower for the Army 
did not turn out as planned. The rea- 
son the supply did not turn out as 
planned was the inability of Selective 
Service to deliver the personnel as 
scheduled ; and this inability, it seems, 
was due largely to the reluctance of 
Local Boards to draft fathers, although 
it is true that these Boards faced at 
the same time the necessity of other 
deferments, as in agriculture and in- 
dustry. As far as I can find out, this 
is the explanation of why A.S.T.P. 
plans went awry. 

Whether this was inevitable, I will 
not venture to answer. I can only say 
that in my opinion the questions of 
policy on which the situation turned 
were so deep seated as to be beyond 
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the pale of the War Department in 
the face of its commitments, or of Se 
lective Service Headquarters or the 
War Manpower Commission. Most 
certainly they were beyond the pale 
of the S.P.E.E. These questions, it 
seems, could be settled only at the 
level of the President and Congress, 
and whether for good or ill they have 
at least temporarily been settled. 
Whether these questions will stay 
settled is highly uncertain. There is 
not sufficient manpower to go around. 
The review of physical standards of 
the Army did not provide relief by 
making eligible a significant number 
of men who had been classified as +F. 
The reduction of civilian deferments 
in engineering colleges from approx- 
mately 40,000 to 10,000 was a mer 
gesture so far as the total shortage 
was concerned, yet in the opinion of 
many informed people outside the 
Army and Selective Service it was4 
serious error from the point of view d 
national welfare. The wisdom of the 
present agricultural and industrial de 
ferments is being challenged, and Se 
lective Service is increasing its pret 
sure for the draft of fathers. Involved 
here are the demands of total war im 
pinging upon the meagre remains d 
undrafted manpower. The forces it 
volved—both political and emotional—- 
are tremendous. We cannot have tht 
cake and eat it, and the President anf 
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Congress must decide which we are to 
do. What the final answer will be and 
whether it will affect what is left of 
AS.T.P., is at this moment anybody’s 
guess. Maybe the war will be over 


some day ! 


In any case, the officers of S.P.E.E. 
will continue to do whatever seems to 
them, after careful study, in the best 
interests of the country and engineer- 
ing education, and to this end they in- 
vite informed counsel. 











By CLYDE W. PARK 


Professor of English 


At the present. writing, for reasons 
that every delegate to the convention 
will appreciate, the host institution 
finds itself outwardly changed. The 
transformation, of course, is typical, 
and the activities of the University and 
its various departments may be said to 
represent the kind of tasks with which 
American colleges in general are now 
occupied. Here as elsewhere, the class- 
rooms are filled with men in uniform, 
and the word “campus” has returned 
to its ancient Roman meaning of a 
field for martial exercise. 

The new training schedule, it should 
be noted, has not entirely supplanted 
the regular one, but supplements it 
and is dove-tailed with it. Although 
civilian enrollments are smaller and 
classes are more accelerated, there is 
a substantial remnant of the pre-war 
program through which the Univer- 
sity’s traditions are being kept alive. 
In the new cooperative course in en- 
gineering for women there is also a 
hint of future developments in one 
phase of technical training. 

To the visitor, even amid surface 
changes and distractions, the Univer- 
sity of Cincinnati reveals a marked 
degree of individuality, the natural re- 
sult of its origin and history. Shortly 
before the turn of the century Cincin- 
nati was often referred to as the only 
American city that had built a rail- 


The University of Cincinnati and Its College of 
Engineering and Commerce 
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road and established a university. 
these two very different forms of 

enterprise the university had bee 
much the earlier to develop. Ima 
monograph dealing with the history of 
higher education in Cincinnati Presi 
dent Raymond Walters has traced the 
growth of the University from the 
founding of the “Cincinnati College’ 
in 1819. Of its presidents in that early 
period the first, Elijah Slack, had been 
vice-president of Princeton, and 4 
later one, Dr. William H. McGuff 
(1836-1839), had published the firs 
four of the famous McGuffy Eclectic 
readers during his presidency. It wa 
at this time too (1836) that a cours 
in civil engineering, one of the firs 
collegiate courses of the kind in Amer 
ica, was started at the Cincinnati Gl 
lege. The story of this pioneer inst 
tution, with its changing fortunes 
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reflects a strong community interest it 
classical education and a determination 
to do something about it. Logical & 
pansion is seen in its affiliation wif 
the Medical College of Ohio, through 
Dr. Daniel Drake and others, its dé 
velopment of a Law Department, 

famous by Professors Timothy Walke 
and John C. Wright, and its fostering 
of an Astronomical Society under 
leadership of Professor Ormsby 1] 
Mitchell. When a generous beques 
from Charles McMicken made possi 
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in 1870, the establishment of a munici- 
pal university, it was logical that the 
newly formed institution should absorb 
the charter of the earlier Cincinnati 
College. This relationship and a sug- 
gestion of continuity are conveyed by 
the two founding dates of 1819 and 
1870, which appear on the University’s 
official seal. 

As in most colleges other than those 
established under the Morrill Act, 
which were avowedly technical from 
the start, engineering courses at the 
University of Cincinnati began as ad- 
juncts to the regular college of Liberal 
Arts. Such a designation, for exam- 





ple, as “Professor of Physics in charge 
of electrical engineering,” was found in 
tatalog statements as recently as 1905. 
The first professorship of engineering 
as such was an endowed chair of civil 
engineering within the College of Lib- 
tral Arts. One of this department’s 
best remembered graduates is the late 
Joseph B. Strauss, class of 1892, who 
originated the Strauss type of trunnion 


tascule bridge arid designed San Fran- 


tisco’s “Golden Gate” Bridge. 


The gradual growth of the Univer- 
sity as a whole included the addition of 
courses in mechanical, electrical and 
chemical engineering. So far as the 
technical divisions of the University 
were concerned this growth was greatly 
accelerated by an educational experi- 
ment which was begun in 1906, during 
the presidency of Dr. Charles W. Dab- 
ney. Under the leadership of the late 
Dean Herman Schneider a “codpera- 
tive course” in engineering was made 
available to a few students in mechani- 
cal, electrical and chemical engineering. 
These young men were divided into 
two “sections” and took turns attend- 
ing college one week and working the 
next week as regular employees of in- 
dustrial firms in Cincinnati. Since 
each student had an “alternate” who 
replaced him either at college or in in- 
dustry, both the school work and the 
shop work were carried forward with- 
out interruption. Theoretical and prac- 
tical training were codrdinated in a 
planned sequence extending over a pe- 
riod of six years, half study and half 
“outside” work. 
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The success of the codperative ex- 
periment was such that the College of 
Engineering entered upon a period of 
rapid expansion. Along with increased 


enrollment of students, additions were ’ 


made to the number and types of co- 
operating firms and hence, to the vari- 
ety of industrial experience. When 
civil engineering was offered on the 
cooperative basis (1909), employment 
was made available by railroads, con- 
struction companies and public service 
departments. The geographical radius 
of cooperative work was also increased. 

Although the regular four-year 
course in engineering was continued, 
the students who preferred the codp- 
erative plan were soon in the ma- 
jority. As against 27 cooperative stu- 
dents in 1906, there were 106 regulars. 
The high figure for the latter group 
was 113 in 1907. From this point the 


numbers dwindled gradually, reaching 


0 in 1920. In this same period the 


‘cal plant, including all of the buildi ‘ 
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enrollment of “codps” increased to 950, 
Visible evidence of growth follow 

ing the introduction of the codperatiy 

course is found in the enlarged p 


constituting the present engineerij 
quadrangle. Inasmuch as only half) 
the students were attending college) 
one time the expansion in buildi 
and facilities was proportionately m 
less than would have been the @ 
with full-time attendance. For mo 
than fifteen years prior to the outbre 
of World War II, the average e 
ment was kept at a point somewh 
between 1,800 and 1,900. 
Space does not permit more thang 
brief mention of the increased 
of interests, either directly connected 
or closely affiliated, which accompanied 
the expansion of the college. <A dive 
sion of Commerce, or Business Admin- 
istration, on the codperative plan was 
incorporated with the college of engt 
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neering. Codperative courses, both in 
business and in chemical engineering, 
were opened to women as early as 1920. 
Closely affiliated with the older college 
was a department of architecture and 
a “School of Applied Arts.” A de- 
partment of aeronautical engineering 
and a division of “general” engineer- 
ing became regular units of the College 
of Engineering and Commerce. 

An incidental development parallel- 


‘ing the growth of the college has been 


the establishment of research labora- 
tories, examples of which are leather 
fesearch, conducted in a building pre- 
sented to the University by the Tan- 


ners’ Council of America, lithographic 
research, carried on for the Litho- 
graphic Technical Foundation, and 
“basic” or general research, conducted 
in a laboratory which was founded by 
the late Dean Herman Schneider. 
This last division also operates as a 
Graduate School of Applied Science. 
Some of the workers hold research 
fellowships which are maintained by 
the Stephen Wilder Foundation. The 
laboratory also provides codperative 
training at the postgraduate level, with 
alternating six months periods of work 
experience in the research departments 
of various industrial corporations. 


52nd Annual Meeting, S.P.E.E., Cincinnati, June 22-25, 1944. 








By DOUGLAS P. ADAMS 
Assistant Professor of Graphics, Massachusetts Institute of Technology 


(The contribution of nomography to 
American engineering has been and is 
very great but its possibilities are much 
greater. This article is written for the 
engineer who appreciates nomography 
and who wishes to increase his knowledge 
and ability.in that field. It does not 
purport to lay down many rules but 
rather sets forth a way of thinking about 
the subject which makes some of its more 
difficult aspects more readily available. 
The traditional resourcefulness of the 
practicing engineer will be required to 
understand and to apply its content most 
fully. The rigorous mathematical back- 
ground underlying the material has been 
interpreted in practical terms.) 


1. The Practical Value of this Sub- 
ject for the Engineer.—It is especially 
appropriate in wartime for the en- 
gineer to minimize computations. 
The alignment diagram, popularly 
called the nomographic chart, has al- 
ways been a favorite tool for this pur- 
pose in engineering but has not been 
available to those who were unfamiliar 
with its theory. The network chart, 
however (Fig. 1), is well known from 
secondary school to all persons in 
scientific work and to many others 
because it is a natural and easy way 
of expressing relations between three 
variables and can often quickly be ex- 
tended to represent mathematical re- 


lationships between more than three the W-lines, called the W-family ¢ 


The Graphical Derivation of Alignment Diagrams 
from Network Charts. 
Diagrams 


Quasi-Alignment 


variables. Unfortunately it lacks the 
open aspect, ready legibility and fool 
proof manner of operation of the align- 
ment diagram and hence cannot he 
employed as quickly, accurately, nor 
by as numerous a class of persons a 
the alignment diagram. Hence a 
sound, direct method for carrying net- 
work charts into alignment diagrams 
has practical value. 

2. A Comparison of Rectiliner 
Network Charts and Alignment Die 
grams in Three Variables—For com 
venience in this article we refer to th 
network and alignment figures as the 
chart N and the diagram A respec 
tively. Assume that equation (1) 


(1) F(U, V, W) = 0 
can be put in the particular but very 
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W-set, is rectilinear. A random point 
Pin the W-set always corresponds toa 
solution of (1) because it identifies 
compatible values of U, V, W in the 
manner indicated there. The more 
basic conception of such a chart, con- 
veyed by Fig. 2, is that of three fami- 
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Fic. 2. 


lies or sets of lines. The process of 
identifying a solution in Fig. 2 is not 
one of reference over to axis scales, as 
in Fig. 1, but that of direct reading of 
set members. Assume that an align- 
ment diagram A, Fig. 3, exists for (1). 





Fic. 3. 


Here we find values of the variables 
tepresented as points on a curve rather 
than as lines of aset. The identifica- 
tion of compatible U, V, W values is 
done by writing down values of three 
points which lie on a line LZ rather 
than values of three lines through a 
point P. The chart N of Fig. 2 and 
the diagram A of Fig. 3 can accord- 
ingly be described as dual figures in 
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point and line if, on proper selection 
of A, any property in point and line 
of one is reflected in the same property 
of line and point in the other. 

3. The Principle of Duality.—This 
duality of point and line is more than a 
vague and curious property of these 
two figures. It is a basic relationship 
of extensive analytic power so com- 
mon as to be almost inescapable in any 
penetrating geometricthought. Thus, 
in the elementary equation 


(2) A-X+B-Y =1, 


we observe that for fixed A and B, X 
and Y varying, we derive all of the 
points lying upon and thus defining a 
straight line with intercepts 1/A, 1/B; 
for fixed X and Y, A and B varying, 
we derive all of the lines lying through 
and thus defining a point with position 
X,Y. Thus the pairs A, Band X, Y, 
entering (2) symmetrically, yield fig- 
ures which are dual in point and line. 
We emerge with the Proposition I: A 
true dual to a network chart for (1) will 
be an alignment diagram for (1). 

4. Construction of Dual Figures. 
Poles and Polars.*—There are numer- 
ous ways of constructing a dual for a 
given figure. One very good graphi- 
cal method for the engineer employs a 
conic. It defines the chord joining the 
tangent points of two lines tangent to 
any conic C as the dual (with respect 
to C) of the point of intersection of 
those tangents, the dual line and point ° 
being known as polar and pole. Spe- 
cial properties of the conic now make 
it possible to define the line joining 
two poles as bearing to the point of 
intersection of their polars in like 
manner the relation of polar and pole. 
Readers to whom this subject is new 


* Osgood and Graustein “Plane and Solid 
Analytic Geometry” is a good reference book 
for this and related subjects. 
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may enjoy testing graphically the 
proposition which makes this complete 
duality possible, namely, that the 
chords of a conic are concurrent when 


and only when they join tangent 


points of pairs of lines tangent to the 
conic from colinear points. 

The subject of pole and polar has 
certain practical simplifications for the 
special conic known as the parabola. 
Figure 4. Let point F and line D be 
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distant by m. The locus of points 
equidistant from F and D is a para- 
bola with focus F and directrix D. 
With respect to a positive X-axis of 
symmetry and a Y-axis through the 
vertex its equation is 


(3) 
The slope of the tangent at any point 
Q(x1, v1) is given by 


y? = 2mx. 


m 


Mu 
A line through the focus perpendicular 
to the axes is known as the latus rec- 
tum. Its length within the parabola 
is2m. The tangents at its extremities 
lie at +45°. In Fig. 5(a), L is any 
line, T the tangent to the parabola 
parallel to L, Q the point of its tan- 
gency. Let M be a line through Q 
parallel to the axis, intersecting L in 
R. Place point P on M so that PQ 


(4) 
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The nomographer will find it useful 
to know that the line from a pole to 
the geometric center of any conic cuts 
the latter at a point where the tangent 
toit is parallel to the polar. A second 
useful property can be stated as fol- 
lows: Let O be the geometric center of 
the conic, P a pole and L its polar. 
Let OP cut the curve at T and L at 
Q. Then OP/OT = OT/O0Q, or OP -OQ 
= OT. These properties are illus- 
trated in Fig. 5(a) for the parabola, 
whose geometric center lies on the 
axis of symmetry infinitely far out. 
They also show that tangent line and 
tangent point are dual in any conic, 
being pole and polar. Again, they 
show that the pole of a diameter of a 
conic is at infinity and likewise the 
polar of the center of the conic. Fur- 
ther, for the circle, the pole will always 
lie on a line M through the center per- 
pendicular to the polar. The points 
Pand Q in which the pole and polar, 
or polar and pole cut line M can be 
found graphically as follows: Extend 
Mthrough O. Let Q’ bea point on MV 
on the other side of O from Q and such 
that OQ’ = OQ. Let T be the point 
of intersection of M and the conic and 
let OR be a line equal to OT and per- 
pendicular to M. Then Q’RP is a 
tight angle. 

The choice of a conic for obtaining 
acertain dual figure is a practical 
matter. The parabola is very useful, 
Fig. 7, although polars with slopes 
near zero become troublesome. (See 
later treatment.) It has the advan- 
tage over other conics in that the size 


im of the dual figure is more often com- 


parable to that of the given figure. 

5. Alignment Diagrams from Simple 
Network Charts.—Assume two of the 
sets, such as the U-set and V-set of 
Fig. 2, to consist of two orthogonal 
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sets or families of parallel lines. The 
points of the dual U’ “curve” in a 
parabola to the U-set will accordingly 
all have the same ordinate and hence 
lie along the same straight line My 
parallel to the axis of the parabola. 


My will behave likewise and be parallel 
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to My. If the U-set is uniformly 
spaced (that is if the U-scale on the 
“‘U-axis’’ of the network chart was 
uniform), the set will cut the line My 
at uniform intervals and create a uni- 
form U-scale on the alignment dia- 
gram. Vbehavessimilarly. In many 
cases, the W-scale of the alignment 
diagram can quickly be derived from 
the W-set by similar considerations 
but if necessary can be derived point 
by point by the method of Fig. 7. 

We make the process for deriving 
this type of diagram more direct in 
several ways. Tilt the network chart 
at 45°, causing the U and V scales of 
A to pass through the ends of the latus 
rectum. Place WN so that it “opens 
out” toward the vertex of the parabola 
and at such a distance that the U and 
V set lines furthest from the N-chart 
axes are tangent to the parabola. The 
tangency will occur at the ends of the 
latus rectum causing the U and V 
scales in A to terminate squarely on 
that line. Use a uniform scale change 
in U or V in N to give the latter a 
square shape, thereby placing the 





faible alii 


a 


Ht 
i 

















origin on the extended axis of the 
parabola. The W-set in N will still 
be rectilinear and the U and V scales 
in A will now commence at the same 


distance from the latus rectum thereby’ © 


squaring the further end of A. The 
length of the U and V scales of the 
rectangular diagram A will equal the 
diagonal of the square N. The base 
of A equals 2m, the length of the latus 
rectum. We have thus established 
the following. 

Proposition II: \f a network chart 
N in three variables U, V, W assumes 
the form of three rectilinear sets two 
of which (U and V) consist of ortho- 
gonal sets of parallel lines, then an 
alignment diagram A (a dual of N) 
exists containing similar U and V 
scales and in which these scales can be 
made coextensive with the opposite 
sides of any rectangle. The points of 
the W-scale in A can then be found 
accurately by cross-alignment from 
the data of N or by the method of 
polar and pole (Fig. 8). 
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Our methods are extendable to com- 
pound network charts in more than 
three variables. 

6. Rectification—Network charts 
frequently have W-sets consisting in 
whole or in part of curves. The meth- 
ods described must then be preceded, 
where possible, by some process of rec- 
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tification which will yield a W-set 
consisting of straight lines. Another 
way of treating the problem is de- 
scribed later. The rectification can 
sometimes be achieved merely by in- 
terchanging the roles of U or V and 
W as the family parameter for the 
third set. Thus in the equation E 
= I-R, changing the family parameter 
fom E to R rectifies the chart as 
shown in Figs. 9(c,) and 9(a,). Figure 
9(c,) could also be rectified by plotting 
reciprocal coordinates for J or R, as 
shown in 9(c.). A logarithmic form 
appears in 9(b,). Figures 9(ae), 9(be), 
9(c;) are the corresponding alignment 
diagrams. Experience shows that 
many of the W-sets of curves arising in 
practice can be straightened out in one 
of these ways, or by arbitrary U or V 
distortions, or both. Empirical data 
can frequently be put into alignment 
diagram form in this way. 

7. Empirical and ‘“‘Rule of Thumb” 
Methods. W-scale Outside the Dia- 
gram.—Empirical charts have done 
such very great harm to nomography 
that it would be unfair to the subject 
not to put them in their place. An 
empiricist is one who wishfully be- 
lieves, with no basis in theory, that a 
nomographic chart can be made for an 
equation by placing and graduating 
certain scales to his liking and adjust- 
ing the alignment property to get the 
test of the scales. He is to be dis- 
tinguished from the ‘‘rule of thumb” 
or “shortcut’”” nomographer whose 
methods have at least some basis in 
theory and chiefly lack flexibility. 
The empirical nomographer does not 
hesitate to extend Proposition II to 
any three-variable equation whatso- 
ever. He does not bother to examine 


the aspect of the network chart result- 
ing from his choice of, U and V vari- 
ables to see if the W-set is rectilinear 
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but simply creates convenient U and 
V scales on the sides of rectangle A, 
takes mean values of points in W ob- 
tained by several cross-alignments, 
and weights a curve through these 
points. He bends his U and V scales 
at will to give greater “‘accuracy”’ and 
then proves to himself that the chart 
“‘works”’ by checking with values close 
to those used in derivation. Readers 
quickly detect errors in the chart and 
attribute its unreliability to the broad 
subject of nomography. The ‘rule of 
thumb” nomographer usually uses 
more carefully the proposition we have 
established above and related material 
gleaned from experience which is apt 
to be so special and inflexible that he is 
tempted to use a few empirical ‘‘aids.”’ 
He would frequently be at a loss in the 
following situation: If the W-set ap- 
pearing in N consists of lines with 
slopes in quadrants a, Fig. 8, the lines 
M will all lie within the rectangle A pz 
and so will the W-scale. If the W-set 
consists of lines with slopes lying en- 
tirely in quadrants 8, however, the 
lines M and the W-scale will lie en- 
tirely outside the convenient rectangle 
Ar. The “rule of thumb” nomogra- 
pher may not know how to reduce his 
chart to convenient form. Figure 8, 
however, yields the following: 

Procedure I: lf the lines of the W-set 
have slopes in quadrants 8, rotate NV 
through 90°, placing them ina. The 
U and V scales of A will then be inter- 
changed, the direction of one of them 
will be reversed, and the W-scale will 
lie within the rectangle A zr. 

Procedure II: \f the lines of the 
W-set have some slopes in quadrants a 
and some slopes in quadrants 8, com- 
plete the diagram for those ina. Ro- 
tate N through 90° and make a new 
diagram for those which were in @. 
These two diagrams.can be superposed 
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using the identical U-scale. There 
can then bea V-scale up and a V-scale 
down on opposite sides of the same 


scale stem and respectively applicable 


to certain ranges of W. 

These methods work well. They 
can be reduced to “rules of thumb” 
by persons so inclined but it is hoped 
that the value of working from draw- 
ings such as Fig. 8 has been established. 

8. Graphical Transformation of 
Alignment Diagrams.—Nomography 
for the engineer is concerned with the 
creation of alignment diagrams to 
specified size and proportions. We 
take for granted the value to him of 
graphical methods in doing this work. 
Clearly the above discussion of the 
general dual representation of network 
chart and alignment diagram in the 
conic can be applied very extensively, 
Fig. 8 and its Proposition being a 
proper but limited illustration. Thus 
chart N implies a variety of forms of 
dual diagrams A when the position 
RN of N with respect to the conic is 
varied. If one of these diagrams, Ai, 
happens to be a known form and an- 
other, Az, happens to be a desirable 
form, we have chanced upon a means 
of passing between given and desirable 
forms, that is, through C, RN,, N and 
RN2. Our real problem then becomes 
that of finding a general method of 
passing in this way from known to de- 
sirable forms of the diagram. Here 
we are free to choose 


(1) C, the conic used to derive the 
chart from the diagram. 

(2) RA,, the position of A; with re- 
spect to C. 

(3) N, the form of the network 
chart, since it can still be varied 
after derivation. 

(4) C’, the second conic which will 

be used to derive Az from N. 
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(5) RN, the position of N with re 


spect to the conic. 


Let A bea point in plane a and Py 
‘point outside plane @ and plane ¢ 
Draw ray R from P through A cutting 
Then A’ is said tok 
the central projection of A on a’ with 
If B’ is the central pro 
jection from P onto a’ of a second 
point B in a, then line A’B’ is th 
central projection of line AB. LetD 
be a rectilinear network chart or a 
alignment diagram in a and D’ the 
central projection of every point and 
Since straight lines, 
and hence colineations also, are pre 
served under this central projection, 
D’ will also be an accurate rectilinear 


plane a’ in A’. 


respect to P. 


line of D into a’. 


network chart or alignment diagram 
respectively in a’. 
statement that every central projec 
tion preserves a tangency between a 
line and a curve and carries a conic 
into a conic. Assume that A and 4 
are two alignment diagrams for the 
same equation such that we can & 
tablish the central projection in space 
which takes diagram A in plane a into 
diagram A’ in plane a’. Create ina 
a conic C and the rectilinear network 
chart N in @ dual to A. Project 
and N into C’ and N’ ina’. Then¥ 
is a rectilinear network chart dual & 
A’ in a’ through the conic C’. Not 
that C was chosen at random and that 
N’ is a network chart derivable from 
N. Hence we have. the 

Proposition III: A form A’ of align 
ment diagram related to a given form 
A by a central projection can be ob 
tained in a variety of ways by passé 
through related network charts NV ang 
N’ respectively dual to A and A’. 

The variety of ways mentioned is 
very great that the form A’ can oftel 
be obtained graphically from A by the 
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direct use of the material on pole and 
polar which we have given above to- 
gether with properties of conics and 
the theorems of plane geometry. As 
an illustration, let A’, Fig. 10, be a 
cjmmon type diagram for the equa- 
- 1 ‘fas 
pit e Rr: 
construct a new diagram A’” such that 
the new U and V scales lie at 90° and 
each is 10 inches long. It is known 


We wish to 


# that this change could be achieved by 
a central projection. 


The graphical 
solution appears in Fig. 10 with as 
many of the steps as possible indicated 
The considerations mentioned 


GRAPHICAL DERIVATION OF ALIGNMENT DIAGRAMS 











QuasI-ALIGNMENT DIAGRAMS 


9. Meaning of the Term Quasi- 
Alignment Diagram.—The alignment 
diagram has come to be thought of as 
employing or relying upon two pro- 
cedures—the running of a straight line 
across its surface and the reading of its 
scales by observing where they were 
cut by the straight line. This is true 
even although the diagram consists of 
one or more networks. Figure 11 isa 
chart in four variables illustrating 
these properties. The type of chart 
we are about to derive is closely re- 
lated to such an alignment diagram 
except that a solution is found by 


461 






I Ah aI Sk ao Sates 5S 












462 





drawing a straight line and by observ- 
ing tangency relations between it and a 
set of curves. We properly call it a 
quasi-alignment diagram. 


W~ser 


wv 
Z2-SET 


Ww 
Fic. 11. 


10. Families of Lines and Envelopes. 
Duality Applied to Curves.—We have 
dealt above with the duality of point 
and line. It is possible to create the 
dual of a curve by similar considera- 
tions. Figure 12 shows several mem- 
bers of a set or family of lines Z with 
the family property that their dis- 
tances 7 from the origin are equal. 
The more densely the lines are put in, 
the more perfectly they seem to “block 
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out” a curve, called the envelope of 
the family, which in this case is a circle 
of radius r. On a member L, of the 
set, the particular segment which 
“represents” the circle for a short dis- 
tance is the portion included between 
the two family members L; and L,, on 
either side of L, which most nearly 
coincide with L,. Asadditional mem- 
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bers of the set are drawn and it be 
comes more dense, Ly and L; approach 
more closely to one another and to J, 


_ the segment becomes shorter and ap 


proaches as a limit its point of tam 
gency with the envelope. In the 
limiting case each member of the fam 
ily is assumed to be present and wil 
“represent’’ the envelope at and only 
at its point of tangency. Thus ther 
exists through the property of tan 
gency a one-to-one correspondence be 
tween points of the envelope and 
members of the family. The repre 
sentation is mutual, the point 
tangency and slope of the line corre 
sponding and defining the point and 
direction of the curve and vice versa. 
Since any curve is the envelope of its 
tangents, this correspondence exists 












between the points of every curve and 
the family of tangents to the curv 
and each can be employed to represent 
the other. 

Let curve C be represented by if 
points 7 and let 7”, be the line dual 
T, with respect to a conic S. Th 
lines 7” will define a curve C’, thet 
envelope, dual to C in S. The poitil 
of tangency L’, of T’, to C’ will have 
L, as its dual line with respect to $ 
In Fig. 13, we verify these idea 
graphically. We observe line L, ta 
gent to curves C;, C2, C; at point 7 
and the dual curves C;’, C.’, C;’ wit 
respect to the curve S constructed b 
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the laws of duality. Line Z; through 
point J represents the curves at, that 
point, point T on line L represents the 
curves on that line. Line 7’ through 
point L’; represents the dual curves at 
that point, point L’; on line 7’ repre- 
sents the curves on that line. A line 
l,, passing through T but bearing no 
special relation to the curves, becomes 
apoint L,’ on 7;’, etc. 

11. The Inverse Dualities of Curva- 
ture and Arc Length.—Consider a set 
of equal circular segments C;, C2, C3 of 
varying radius and their dual figures 
Ci, C2’, Cs’ in the parabola.* Figure 
14. Observe that the dual segments 
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are unequal in length. The sharper 
curvature of C,, causing its tangent to 
swing rapidly, has accordingly caused 
a rapid passage of the poles of its 
tangents across successive M-lines and 
simultaneous rapid changes of the dis- 
tance of tangent and hence of pole 
from the curve. In the limiting case 
where C is a straight line of zero curva- 
ture the entire dual curve is a point 
possessing zero length and _ infinite 
curvature. We can present the basic 
picture in the following way. Let C 
be a segment of a smooth curve in a 
locality in which none of the tangents 
to C pass through the geometric center 
ofa given conic. Let T be a tangent 
to the curve in the locality and let C’ 





_ * These segments were intentionally drawn 
it such positions that their tangents all lie in 
quadrant a Figure 8. 
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and 7’ be the dual curve and point 
with respect to the conic. Then the 
flatter C is, the shorter and sharper C’ 
will be and the more closely C’ will 
remain in the neighborhood of point 
T’. In other words, the sharpness 
and smallness of the arc length of C’ 
in the neighborhood of 7” is a measure 
of the straightness of C in the vicinity 
of its tangent point and conversely. 
See Fig. 13 for further graphical cor- 
roboration. 

12. Application to Quasi-Alignment 
Charts.—Let N, Fig. 15, be a network 
chart in which rectification has been 
substantial but not complete. Only 
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five members of the sets W and W’ 
have been shown. Let A be the dual 
alignment diagram obtained from N 
by the above methods. The curves 
W’ are now seen to be short arcs, their 
shortness and sharpness depending 
upon the degree of rectification which 
was achieved in N for their duals. 
Since W; is a straight line, W,' is a 
point. A point P on W>p in N imply- 
ing a solution UpVpWp appears as a 
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line P’ in A cutting the U’ and V’ 
scales at Up’ and Vp’ and lying tangent 
to the short arc Wp’. The property 
of tangency is due to the fact that 


point P represents curve Wp in N and’ 


line P’ represents the dual curve Wp’ 
in A. The characteristics of this W’ 
set are both position and direction. 
Interpolation can be carried out by 
eye on such a diagram using the prin- 
ciple that one of the characteristics of 
a solution U;’, Vi', Wi’ is the direction 
U;' V;’ on the chart. Thus, let Wy’, 
W.', Ws’, W,’ be reasonably close, 
consecutive curves of a W’ set and T’ 
a line of colineation. Figure 17. Let 


4 
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Ty’, T:’, Ts’, Ty’ be tangents to their 
respective W’ curves parallel to T’ and 
let G’ be the curve through these tan- 
gent points. In practice G’ will al- 
most always be a gentle curve per- 
mitting interpolation by eye along its 
path. 

A dual curve Wp’ can be con- 
structed by observing that the points 
of Wplieon Uand Vlinesin N. The 
lines cut the diagonal of N at distances 
which are directly transferable to the 
U’ and V’ scales. Figure 8 and dis- 
cussion. The dual of each such point 
of Wp is a tangent line to Wp’ deter- 
mined by these U’ and V’ values. 
Wp’ can thus be blocked out as closely 
as desired. Figure 16. The U’ and 
V’ values determining the tangent 
lines to Wp’ could also simply be read 
off of N. Hence we have 
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Proposition IV: If a network char 
N in three variables U, V, W assume 
the form of two orthogonal rectilineg 
sets (U and V) and a third set W@ 


‘curves, a quasi-alignment diagram 4 


dual to N exists containing similar J 
and V scales and in which these scalg 
can be made coextensive with the side 
of any rectangle. Any member Wy 
of the set of curves dual to W can kk 
found as the envelope of the lines in 4 
joining U’ and V’ values determining 
points on Wp in N. The degree @ 
rectification of Wp in N will determin 
the shortness and sharpness of the 
curve Wp’. 

By considerations paralleling thos 
of the latter portion of 7, we have alg 

Proposition V: The great majority 
of network charts NV on perpendicular 
U, V axes which arise in engineering 
practice from empirical data and which 
cannot be completely rectified ca 
conveniently be represented by simple 
quasi-alignment diagrams of desired 
rectangular aspect. 

Maximum rectification in WN i 
recommended but is not necessary. 

If either or both of the U and J 
sets in N are not rectilinear, they cai 
likewise be represented, simultane 
ously with W, by sets of U’ and ¥ 
curves in A dual to their setsin N. & 
solution on such a diagram is found by 


ULV, Wp 
ie 
WS 


Fic. 18. 


observing which member of the W 
family is tangent to the common @ 
ternal tangent of the U’ and 7 


members. Figure 18. 
A further relationship here shoul 


be noted. Figure 19. Along a W 
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curve, W’ is constant. Let U’ be the 
independent variable, then V’ is de- 
pendent and will lie at the intersection 
with the V’ scale of a line from U’ 
tangent to W’. Each value U;’ im- 
plies a different point of tangency on 
W,' and the W,’ curve could be grad- 
uated in the values of U’. If each 





W’ curve is so graduated for U;’, a 
U,' curve is defined, U,’’, upon the W’ 
B set. The U’’W’ net plus the V’ curve 
now give a new type of chart which 
can be used by constructing a tangent 
toa W’ curve at the point where it is 


cut by the U” curve and observing 
where this tangent line cuts the V’ 
scale or is tangent to a V’ set member. 
A second similar family V” can be 
constructed on the W’ set creating a 
true network chart there designated 


WU" Vv". If U’ or V’ sets of curves 
exist, corresponding charts can be 
made for them, designated in the lat- 
ter cases as a U’ V" W” network chart 
and a V’U"’'W" network chart. The 
ability to vary the position and type 
of chart or diagram or combination 
adds greatly to the facility of the 
nomographer. 

13. Matrix Form of the Quasi- 
Alignment Diagram.—Assume that an 
equation 


(1) F(U, V, W) = 0 


ym can be put in the form 


OS gt 
ig (2) Ve V, 1/=0. 
W, W, 1 
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where we have, Condition One, that 
Uz, Uy, Vz, Vy, We, W, are functions of 
their respective capital letter variables 
only. Interpret Xy = U2, Yo = U,, 
as parametric equations in U of a 
U-curve, defining by these X and Y 
codrdinates the location of a particular 
value of U on this curve, and draw the 
curve. Draw V and W curves like- 
wise. If Ui, Vi, Wi satisfy (1), we 
have 


| Xu 
(3) Xvi 
| Xwi 


Yun 1 
Yvi 1 = 0. 
Ym 1| 


Recall that the equation of a line 
through two points 


(4) "= 
era 


x2 — X11 
Komedia | 





can be put in the form 


a ee | 
(5) “1 MV 1 
Xe Ye 1 


= 0. 


Hence (3) expresses the fact that the 
three points U;, Vi, Wi, on their re- 
spective curves, are colinear. Since 
Ui, Vi, Wi was any solution of (1), the 
above interpretation and drawing 
yields an alignment diagram for (1) 
and is a commonly accepted method 
for so doing. Condition One, how- 
ever, frequently cannot be satisfied. 
Since equations (1) arising in prac- 
tice can in general be plotted as net- 
work charts in the form required for 
Proposition 5, and hence give rise to 
quasi-alignment diagrams as in Figs. 
15 and 16, it is to be expected that a 
determinant form of (1) can also be 
derived which would give rise to the 
same figure. Briefly, it will be found 
that the properties of (1) can indeed 
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be expressed in the form * 
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| 0 uU 1| 
B vV 1/ 
| aV } 
(6) | B of viv] J totion 
Set gn BE 
| uauUu uauUu 
Here we have 
(7a) Xv =0 Yp = ull 
(7b) Xvy =B Yy =vV 
B aV 
uau ai 1 — 29V 
uoauU 


In (7c), we have 
(7c) _Xw = Xw(U, V, W); 


Yw = Yw(U, V, W) 


and hence Condition One is not satisfied. 


Let W = Wx, assume U = Ug 
and compute V = Vx, from (1). It 
will be found thax the line of colinea- 
tion through the points Ux; and Vxi 
on the U and V scales is tangent to the 
curve W = Ws at the point on it de- 
rived by the substitution of Ux, Vri 
and Wx into (7). Thus when (1) is 
put in the form (6) a quasi-alignment 
diagram is obtained which is identical 
in form with that of Figs. 15 and 16. 
If the disposition of the U and V 
scales and W-set is not convenient, it 
can be made so by manipulation of (6) 
or of its dual network chart WN as dis- 
cussed in connection with Fig. 8. 

A diagram based on Condition One 
is almost always superior to one based 
on the quasi-alignment form (6). The 
latter form is, however, superior to 


* u and v are arbitrary constants permitting 
adjustment of the U and V ranges to the 
available stem length of the U and V scales 
respectively, that is, to the height H of the 
rectangle. B is the breadth of the rectangle, 
as in Fig. 8. 


the ordinary network chart form, first 
because it permits two of the readings 
to be made as intersections on the U 
and V scales as in the ordinary align- 
ment diagram, and secondly because 
interpolation over a set of W-curves 
is done more easily and accurately 
through tangency relations than 
through location of point and curve. 

Let the given equation be E = J:R 
as before. Let R and J occupy the 
straight line scales and E be the set of 
curves for a quasi-alignment diagram. 
Let Rrunfrom R = 0toR = 3. Let 
I run from I = 0 to J = 2. Let the 
diagram fill a rectangle where B = 2, 
H = 3. Then r =1, i= 3/2. W@ 
have also, differentiating E = IR par- 
tially with respect to R, 
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+ , Tt 
B 
Yr=1-R tA 
Y, = 3/21 >. 
3E 
Yz 


3 3 
gi tR 2 


I+R 


Fic. 20. 


These equations give rise to the quasi- 

alignment diagram of Fig. 20. This illustrative purposes, since the com- 
figure could also have been found plete rectification of 9(c:) as in 9(a;) 
graphically by the method of Fig. 16. and 9(c,) made it possible to create 
Itis a dual to the type of chart in Fig. the superior alignment diagrams 9(ag) 
%(c,) and is given here simply for and 9(cs). 








Our Need of Further Research 


By DUGALD C. JACKSON 
Massachusetts Institute of Technology 


We all know that the engineering 
schools are deeply engaged in special 
instruction for war purposes in addi- 
tion to usual instruction for civilian 
students, and no measures can appro- 
priately be taken which would divert 
attention from the instruction which 
is provided for aid in the great war. 

However, the war will end some- 
time, with victory on our side, and 
then rearrangement of the engineering 
school activities will be definitely fac- 
ing each faculty. To wait until that 
moment before thought is given to the 
rearrangement will be very disadvan- 
tageous to the status of engineering 
education and its serviceability to the 
nation and its industries. Therefore, 
it is desirable for the administrative 
officers and faculties of the engineering 
schools to make assignments which will 
enable the study of the future needs to 
go forward now as well as hereafter, 
without interfering with war activities. 

For this reason I set forth the fol- 
lowing outline of some features which 
deserve attention and research for the 
purpose of maintaining the high stand- 
ing of the educational service of the 
engineering schools. The points men- 
tioned will be found referred to but not 
notably developed in my report on 
“Present Status and Trends of En- 
gineering Education in the United 
States,” which was prepared on behalf 
of the Committee on Engineering 
Schools of the Engineers’ Council for 
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One of the first things to be brought 
into mind is the fact that a failure tp 
recognize the proper use of research 
as a vitalizing influence in all levelsd§ The 
engineering education will after the§ dustri 
war be more than ever a misfortune them 1 
in engineering education. Researthf garch 
(mathematical, physical and economi¢)§ among 
deserves to be recognized as a requisilel neers | 
factor in engineering education, andthe ed 
to be held in a high place when plat dustric 
ning the paths of students from thf genero 
sophomore undergraduate level to th§ tributi: 
most advanced graduate levels, becaus{f laborat 
engineering of a high order is a t§withou 
search occupation since improvementiiheld as 
are always crying for consideration§ The 
This view of the characteristics of teBrsourc 
search is one of the features that weireliance 
should come to accept as a co of men 
objective in all engineering educatiomffon the 
and the faculty formulation of platiBhensive 
for carrying out the objective in action, ; 
effective manner is highly impo minded: 

The questions of appropriations féifects al 
research should be open for careful ef In o1 
amination, and the relationships whidMdicated 
engineering experiment stations aminatic 
research institutes belonging to educiitdllectuz 
tional institutions should have in éeifproduct: 
gineering education need careful stu qua 
Unless these important questions al™iduals 
given wise consideration by the admiliby a be 









































istrative officers and faculties of the 
engineering schools there is likely to 
grow up a tendency toward the labora- 
tories for research becoming substan- 
tially closed or confidential enclaves 
within the educational institutions, with 
the result of barring the engineering 
students from the tremendous inspira- 
tional influences that come from them- 
selves working in the research (the 
more fundamental, the better) and 
thereupon discussing the processes and 
results. Such exclusion also tends to 
divert the students’ minds from an 
uderstanding of the importance of 
initiative and research as a part of 
definite engineering practice. 

The war experiences of many in- 
dustries will presumably have shown 
them the need of this fundamental re- 
search viewpoint being established 
amongst their competent young engi- 
neers before the latter are drawn from 
the educational sources, and these in- 
dustries, therefore, may become more 
‘om titi generous even than heretofore in con- 
| to thi§tributing to research work in the 
maboratories of engineering schools, 
without requiring the laboratories to be 
SBheld as confidential establishments. 

The improvement of character, of 
tsourcefulness, of judgment, of self- 
i tliance, of efficiency, of understanding 
i men, and of engineering technique 
the part of students is the compre- 
hensive objective of engineering edu- 
tation, and the development of research 
Mindedness in a very broad sense af- 
fects all the factors of this group. 

§ In order to meet all the needs in- 
s whitiiicated by this objective, fuller ex- 
ns aligMination is yet to be made into the in- 
) educifitellectual interests, attainments and 
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» in @iiproductivity of the teachers and into 
il s le quality of their teaching as indi- 
ons aMduals and collectively (accompanied 
- admiliy a better definition of the meaning 
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of the term “quality of teaching”) ; as 
well as into the degree to which, and 
the methods by which, students are en- 
couraged to sound and indepedent 
thought and work during their student 
careers. This investigation is funda- 
mental enough and comprehensive 
enough to make it worthy of assign- 
ment to a committee of distinction com- 
parable to the Committee on Engineer- 
ing Schools of E.C.P.D., with a man- 
date to carry on the investigation over 
a sufficient period to bring forth con- 
clusions and recommendations which 
would truly influence the whole of en- 
gineering education. The qualtities 
which are needed in engineering 
teachers are somewhat broadly outlined 
in pages 46 to 49 inclusive of the report 
on Present Status and Trends just re- 
ferred to. This question of the “man- 
power” comprised in the faculties of 
the engineering schools becomes more 
important with each decade. 

In association with this a reference 
may be made to the latter part of page 
63 and the whole of page 64 of the 
aforesaid report, and emphasis may 
be put upon the fact that a good many 
American engineering schools do not 
respond to the test of important de- 
siderata except in part, and a few miss 
them almost in whole. A careful ex- 
amination of the situation is needed in 
order to outline the path that ought to 
be pursued in the effort to better the 
situation. 

The extent of responsibility which, 
in engineering schools, ought to be 
laid upon the faculties for originating 
and approving educational policies and 
courses of study should be fully ex- 
pressed by the chosen committee in 
order that administrative officers may 
recognize their duties as leaders in edu- 
cational administration and refrain 
from narrowing faculty considerations 
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to details. Along with this there needs 
to be considered measures for promot- 
ing a fuller understanding of the ob- 
jectives of engineering education by the 
administrative officers of many insti- - 
tutions where the engineering schools 
now are weak. 


II 


A very important factor in the situa- 
tion is to be found in connection with 
the discussions of the tables and charts 
of the previously mentioned report on 
Present Status and Trends. As 
pointed out in the report, it would be of 
service to every engineering school, 
and to the engineering profession, if we 
could learn: (1) wherein and why 
weak institutions are weak; (2) 
whether those institutions that have 
thus far not succeeded in securing ac- 
crediting for any of their curricula 
ought to attempt to achieve an ac- 
credited status or whether it would be 
better for some of them on account of 
local conditions to relinquish the effort 
of professional education and turn their 
abilities toward collateral fields as 
Technical Institutes; (3) whether in- 
stitutions that have only a minority of 
their curricula accredited should be en- 
couraged to bring their curricula all to 
an accredited level, or whether some 
of their curricula that have not been 
accredited should be discontinued so 
that the institutions might more ef- 
fectually concentrate their purposes 
and efforts within their financial 
strength; (4) whether the institutions 
that have a majority or all of their 
curricula accredited, or any of such 
institutions, may be improved in their 
attitudes and their influence, and the 
welfare of engineering thereby be en- 
hanced. These problems are of sig- 
nificance to the whole engineering field. 
Their solution would enlighten every 
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engineering school and be of service 
to the professional engineering societies 
and the American industries. 

In connection with all this ther 


‘needs to be a fuller investigation of the 


individual qualities of all of the engi 
neering teachers, particularly respect 
ing the creative qualities which are in 
dicated by their writings and their 
investigations, and their influence upon 
students’ minds (together with their 
interests in the latter) ; and in this com 
nection thought should be given to the 
greater emphasis that ought to he 
placed upon the qualities of individual 
men when being selected for positions 
in the teaching ranks, with a dimim 
ished weight placed on the particular 
degrees that these men may hold. A 
higher degree is an appropriate im 
dicator of the ambition of a young maf, 
but it must not be overemphasized 
even for this purpose, and it must be 
recognized that as now conferred #fiti 
may not be a sound indicator of th 
young man’s appropriateness for ment 
bership in an instructing body. 

The question of professional interet 
and ambition amongst the tea 
employed in the engineering schoolsi 
notably touched by the proportion 
memberships held in the appropri 
societies, like the great national eng 
neering societies and the S.P.E.E. 
there not something wrong when net 
two-thirds of the full professors tea 
ing engineering subjects are member 
of S.P.E.E., as is shown by Table 
of the report on “Present Status amt 
Trends in Engineering Education @ 
the United States” to be the situatiét 
a half-dozen years ago? This relatie 
ship, as well as the memberships in f 
national engineering societies, is dé 
cussed at some length in that repa 
Is it not important that the full p 
fessors should show a greater 
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fessional interest in their teaching and 
thus secure an influence on the other 
members of the staff, leading the latter 
to the contribution of a greater profes- 
sional interest? It may be that com- 
mon sense would give an affirmative 
answer to this question; but, if that is 
90, investigation should be competent 
to bring out the reasons for the present 
inadequate situation. If the affirma- 
ive answer is not obvious, investiga- 
tion should uncover the correct answer. 
Memberships in appropriate societies 
indicate creative-mindedness of pro- 
fessional character, and therefore the 
statistics of these memberships are 
worthy of some considerable thought. 

A thoroughly fundamental subject 
for further investigation is a critical 
study directed toward determining 
what qualities of education do, in fact, 
lay the most sufficient educational 
foundation for the engineering activ- 
ities of engineering school graduates. 
Until the answer to this is fairly well 
formulated, the true definitions of the 
objectives for engineering education 
and the qualities of engineering teach- 
ets must remain rather vague. Presi- 
dent Doherty of S.P.E.E., President 
Wickenden of Case School, and others 
have written very persuasive com- 
ments on the qualities required for 
tigineering education, but the situa- 
ition is still open for adequate com- 
Wuittee investigation. As pointed out 
in Present Status and Trends, the 
msoundness of the central structure of 
iscigineering education as it has evolved 
las been so abundantly demonstrated 
that a further comprehensive study to 


iotdevelop more exact definitions in the 


ves and to formulate measures 

avoiding weaknesses would be a 

Major service to engineering and also 
fo the nation in general. 
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These factors are within the realm of 
S.P.E.E. but also are appropriate for 
mutual treatment by S.P.E.E. and 
E.C.P.D. because of the importance of 
sound engineering education to the 
great engineering societies represented 
in E.C.P.D., and to the nation’s indus- 
tries, for the welfare of which the engi- 
neering societies play an important 
part. The codperation which has now 
arisen out of joint efforts by S.P.E.E. 
through its Committee on Personal 
Development, of which Dean I. C. 
Crawford is chairman, and E.C.P.D. 
through its Committee on Professional 
Recognition, of which Professor C. F. 
Scott is chairman, points a way; and 
thereon (or some equivalent arrange- 
ment) might be laid the responsibility 
for examination into the qualities of 
engineering teachers. 

It must be remembered that we have 
progressed in our present points of 
view and our present practices since the 
previous S.P.E.E. investigation of en- 
gineering education was made, which 
progress has been accomplished with 
the help -of that inspiring report; and 
the new investigations should relate to 
the situation as it now is. 


III 


In the foregoing I have said nothing 
about the problems relating to the se- 
lection and guidance of students ex- 
pecting to go into engineering, and 
certain features of the methods of 
teaching. These are very important 
matters, but the project which has now 
been entered upon with the mutual 
undertaking of the S.P.E.E. and the 
Carnegie Foundation for the Advance- 
ment of Teaching should bring light 
on these important questions without 
additional projects in this field. 





Education of-the Engineer 


By N. W. DOUGHERTY 
Dean, College of Engineering, The University of Tennessee 


The education of the engineer begins 
in the home and continues throughout 
his life. During the early stages of his 
education he forms habits of study and 
methods of approach which determine 
whether he will be educated or whether 
he will be an ignorant handbook tech- 
nician who wishes he had studied cer- 
tain subjects in college. To succeed in 
a profession the practitioner must al- 
ways be searching for better methods 
of doing his daily tasks: if he ceases 
to search for new things, that day he 
settles down to the monotony of a 
skilled trade performing his work with- 
out imagination or inspiration. His 
college training is a preparation for a 
life of activity, on an ever increasing 
scale, and as a consequence it must be 
made a foundation for a life of intellec- 
tual growth. 

- What, then, is the place of the col- 
lege in the education of the practi- 
tioners? It certainly is not an end 
within itself. Its courses do not con- 
tain all the education needed by a 
professional man. It is not an insti- 
tution which, like a factory, finishes a 
uniform product in four, five, or seven 
years. 

College education is a magnificent 
interlude between adolescence and 
young manhood; it is the prelude and 
the first degree of initiation leading to 
professional practice. 

We have stated that college educa- 
tion is not an end within itself. When- 


ever its graduates “thank God that the 
are educated and do not have to stud 
any more” it has failed in its 
objective; its satisfied graduates hg 
not learned enough to get to first ba 
in the game of life. They will 
through their professional careers wi 
ing the college program had includ 
needed information which they are t 
lazy to acquire as they need it. Re 
ing books has become a chore.and the 
are thankful that they do not have 
read any more. To think of colleg 
as a place to acquire all the need 
learning of a lifetime is to miss 
point of the whole business. 

Neither is a college program a semi 
of credits with the registrar, thot 
certain credits are kept and are spre 
upon the records. Too often studé 
are concerned with the number { 
credits they have accumulated but 
not remember the subjects they 
studied. To some of them colleget 
a place where they pass courses @ 
when the total credits reach ff 
semester hours or 180 quarter howl 
they are educated and will receive tht 
degrees. In engineering, it is 
possible to accumulate these cre 
without some plan because the fa 
have fixed the program, but where 
elective system prevails a student 
choose very widely and spread 
education very thin. The account 
the registrar is incidental and does 
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aways show the education of the 
student. 

College education is not a standard 
iberalizing experience which may be 
determined by comprehensive examina- 
tions. Two students may pass an ex- 
mination and yet one be a great edu- 
ation success and the other may fall 
ty the wayside in ignorance and self- 
sfficiency. It is more than acquiring 
acertain level of proficiency and a cer- 
fain kind of educational technique. It 
49 isthe foundation for a lifetime of study. 
€s ia Comprehensive examinations are prob- 
rst Baibly as good as the account with the 
will tegistrar, but they are not a college 
'S WIS ducation. Education is not a level of 
nel G}mental gymnastics or a standardized 
ar€ Wiitage in the educational process. 

Reatl Does the concept that college educa- 
ind theiton is an interesting, if not mag- 
have tirficent, interlude between adolescence 

COUG@and gainful work make any difference 
needtin what we should expect from it? If 
niss tilive think of college as not being an end 
within itself and not as a certain mini- 
a sefitfimum attainment in intellectual gym- 
thougimstics we may think of it as a part of 
2 spreiialifetime of study. It is probably the 
studeiiimst profitable four-year period of an 
nber @itellectual career; it is but a part of a 
but caiontinuing process. From this point of 
ey ha we can see more clearly what 
ollegemiould be accomplished during the 
‘ses a@iiaining period. 
ch I College is a place where a student 
r houwmlay develop his own educational apti- 
ive thamides and there is no obligation on the 
s hardgeart of the college to make its products 
- crediitiiorm. If it does, Ruskin’s indict- 
» facumment “A college is a place where dia- 
here fends are dimmed and pebbles are 
ished” will be truer than we like to 
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defensive if it fails to improve all the 
raw materials which enter its doors. 
If it is admitting materials it cannot 
improve, it should change its methods 
of admission. 

A real university is a congenial 
place for young men and women to 
attain intellectual growth. Its labora- 
tories, its libraries and its faculty are 
combined to give opportunity for men- 
tal activity. There is some drudgery 
and hack work but these are incidental 
and not the real tasks of the college. 
Mental inertia is greater than physical 
inertia; intellectual laziness is greater 
than physical laziness. To overcome 
these the colleges have established roll 
calls, drop quizzes, pages of assign- 
ment, and regular reports. These are 
the paraphernalia of mass education 
and not necessary parts of it. 

If we think of education as a con- 
tinuing process it will logically follow 
that the college courses must be the 
basis of a long life of study. Subject 
matter will not be chosen because op- 
portunity for such study may never 
come again but rather it will be chosen 
because it must be a part of the life 
program. Some subjects are difficult 
to master without basic preliminary 
knowledge and in some cases without 
peculiar techniques. In college, then, 
the student must get this basic training 
and he must acquire the techniques of 
gaining knowledge. There are sub- 
jects on which a lifetime of study in 
engineering must be built: mathe- 
matics, physics, chemistry, mechan- 
ics, hydraulics, thermodynamics, eco- 
nomics, English, etc., and there must 
be enough technology to get the method, 
attitude, and approach to engineering 
problems. If a student acquires the 


study habit and the scientific method 
he will be able to get the needed in- 
formation whether he knows where to 
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get it or not. It is a part of his educa- 
tion to learn how to find things which 
are hidden from the uninitiated. 

This approach to education magni- 
fies great teachers. 
educational desire, they use the educa- 
tional method, and they inspire to edu- 
cational effort. Much education is by 
contact and contagion and not by for- 
mal lecture and assignment. A good 
teacher will present his subject matter 
well, but he will teach more than is in 
the textbook or the report; he will in- 
fluence their very living. President 
Garfield described a college as a log 
with Mark Hopkins on one end and a 
student on the other. Mark Hopkins 
was one of the great teachers of his 
day ; yes, one of the great teachers who 
have taught in American colleges. It 
is folly to think that any teacher can do 
a good job if he follows the assign- 
ments and meets his class regularly. 
He must know his subject, he must 
meet his class regularly, and most of 
all he must be able to inspire his stu- 
dents in their search for knowledge. 
They must remember how he talks, 
how he walks, how he thinks and they, 
if they are really taught by him, will 
mimic his methods even to his walking 
and talking. 

For the student, his college days are 
his trying days, his testing days; his 
days of growth where he can recognize 
mental development and maturity along 
with his physical change from a boy 
toa man. Ifa student fails to mature 
and fails to become imbued with a love 
of knowledge he will go away from 
college as an overgrown adolescent 
who may never’ approach mental 
manhood. Here is the time for the 
student to test his own abilities, to 
learn his capacity for work and ac- 
complishment, and to know what edu- 
cational tasks he can undertake suc- 


They embody the © 
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cessfully. Mental effort causes the 
mental qualities to grow like physical 
effort causes the muscles to grow, 
Mental laziness has the same effect on 
the mental abilities as physical laziness 
has on the muscles of the body—they 
become fat and flabby and unable tp 
respond to stimuli. 

We are urged to go back to the good 
old days in education, we are urged tp 
go back to the Constitution, back to the 
religion of our fathers, and back 
Jeffersonian democracy. Usually the 
trek backward is to avoid some dit 
ficulty of today. A move into new 
methods and new ways may givea 
better solution. 

There is no going back after the day 
is done. And could we go back we 
would be disappointed. Don’t try t 
live your honeymoon over ; it will never 
be the same again. Cherish the past im 
memory and get inspiration from i 
but continue to live in the present; 
learn the “wisdom of the ages” but 
don’t forget that the sum total @ 
knowledge has been greatly in¢reasel 
since engineering came into the gchools 

The successful engineer of fhe last 
century was a good student; and this 
more than his college training mate 
him a good engineer. A lifetime of 
study is what makes a good engineét 
today ; the same law was in force dur 
ing the last century. What we study 
is important but how we study, ami 
the amount of study are equally im 
portant. There is no reason why aff 
kind of professional knowledge shoul 
be denied to any intelligent practitione 
if he is willing to put a little time @ 
the study of the subject. Who we 
the teachers of Newton, Shakespeatt 
Edison, and Steinmetz? They wé 
their own instructors; no __ liviif 
teachers had reached their standa 
of excellence. Why must an engine 
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es the# always have a tutor at his elbow in 
hysical § order that he may learn the things he 
gtow.# needs to know? Should college pro- 
fect on f fessors always be glorified chefs who 
aziness | prepare soft morsels for slothful in- 
—they | tellectual appetites? 
ible to} ~=In the “Report of the Committee on 
Aims and Scope of Engineering Cur- 
e good § ricula’” * is outlined the work which 
‘ged to } should be done in a four-year program, 
to the } recognizing that there is need for fur- 
ack t)§ ther study for those who enter the 
lly the profession. 
1e diff vr ie 
Provision for postgraduate education is 
. = necessary, furthermore, if adequate time 
SIVE 47 is to be allowed in the undergraduate 
period for thorough grounding in the 
he day basic sciences, for laying the foundations 
ick wef of a social philosophy, for developing 
try to | powers of effective expression, and for 
| never § cultivating reflective and critical habits 
past in of thought. If the undergraduate period 
rom it § concentrated chiefly on these objectives, 
resealt and if, at the same time, an adequate in- 
;” bat troduction is given to engineering 
methods of applying science to actual 
tal of problems, the value of the four-year pro- 
fe gram, we believe, will be enhanced. 
c 
he lat¥ 10 fulfill this definition of a four- 
id this Year program the committee outlines 
mate § the work which should be done. This 
‘me of Statement is the best made to date. 





One of the most important phases 
of engineering education is the engi- 
neering method. We would expand 
method to include the engineering atti- 
tude, spirit, and approach. The com- 
itittee suggests that we should teach 
young engineers how to think straight. 
We must not confuse ability to think 
with ability to criticize or ability to 
find fault. Ability to quote authority 
Soften impressive, but not necessarily 
an ability to think. If a current prob- 
lm parallels some previous problem 
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where authority has spoken, it is foolish 
not to heed the words of wisdom, but 
new situations are constantly arising in 
engineering which require knowledge 
not possessed by an ancient authority. 

To think straight, the engineering 
student must learn to be critical, learn 
to weigh evidence and not forget his 
previous experiences. A combination 
of these qualities aids in thinking. 

The engineer who has failed to read 
great literature has neglected a mine of 
golden opportunity. He should have 
enough instruction in college to give 
him a discerning appetite for literature. 
Instead of “pin-feathering” the mast- 
ers, he should learn to read them 
understandingly. He should not read 
literature as a social duty, but as 
pleasant and profitable communion 
with the great minds of the past. 

Four years at college are certainly 
different from any other four years of 
life. Eight, ten, and even more hours 
a day are available for study. Never 
again will such opportunity knock at 
the door. It may be that a student 
will only use two or three of these 
hours profitably yet they are there 
for his use, if he will only wake up be- 
fore the days are gone. During his 
forty years of productive career he will 
have one to three hours available for 
daily study. These will be enough for 
him to master anything he needs to 
know provided he has learned how to 
apply himself to the task. 

By considering education as a con- 
tinuing process we are able to explain 
the great success of the engineer who 
graduated before modern theory was 
developed. He did not learn much 
theory in college and as a consequence 
he developed it as his work required. 
This also explains why the graduate 
from a school which offers meager 
training can compete favorably with the 
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graduate from the best equipped school 
in the land. 

Considering a college education as 
an interlude between adolescence and 
maturity will give us more freedom 
in selecting a program of study. If we 
close the books at the end of the college 
program, we must acquire the needed 
useful knowledge or it will never come 
our way again. By considering college 
as a development period which will 
continue for many years, we can then 
emphasize methods of learning, not 
information per se. 


What then shall we say about edu.’ 


cation for the engineer ? 

A few things are self-evident.* The 
student must certainly learn the lan- 
guage of the profession, he must learn 
its basic sciences, he should learn the 
laboratory method, the research ap- 
proach, and he should learn enough 
technology to become acquainted with 
the method attitude, and spirit of the 
profession. In addition, he should 
learn its code of ethics and the peculiar 
techniques of its practitioneers. 

Certainly the engineer must be a 
citizen of the community, state, and 
nation in which he lives. He must 
learn, either in college or elsewhere, 
enough history, physchology and civics 


* Proceedings, American Road Builders 
Association, 1938, p. 722. 
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“ernment, and human relations. 


to be a good citizen. Introduction to 
these fields, during his college course, 
will help him read with discrimination 
the vast literature in economics, gov- 
A few 
basic courses, under wise teachers, may 
may start him on the way to good and 
active citizenship rather than leave him 
as an easy mark for crack-pot reform- 
ers and milk bottle philosophers. 

Let our teachers of engineering 
strive to produce one, if not many, 
engineers in each class who will enter 
a lifetime of study and scholarly pro- 
duction. Note this old workman who 
stated that he had sat at the feet of 
Gamaliel: “. . . and the time of my 
departure is at hand. ...I1 have 
fought a good fight, I have finished the 
course, I have kept the faith. .. . 

“The cloke that I left at Troas with 
Carpus, when thou comest bring with 
thee, and the books, but especially the 
parchments.” 

Here is a man who “turned the 
World upside down,” who is lodged 
in a Roman Prison and in his last days 
he needs the books and the parchments 
as badly as he needs the cloke. 

Engineers, to make their place 
the profession, must learn to use the 
books and the parchments of their calk 
ing, and more, they must learn to com 
tinue communion with the best minds 
of the ages. 
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First Evaluations of an Accelerated Program 
in a College of Engineering 


By S. L. PRESSEY 
Professor of Educational Psychology 
and S. B. FOLK 
Professor of Mechanics, The Ohio State University 


The past year has seen sundry 
efforts at acceleration in engineering 
education. Early attempts to ap- 
praise results seem highly desirable. 
Ways might be suggested for the 
improvement of special programs 
during the war period. The findings 
might have bearings on problems 
of educational re-adjustment immedi- 
ately following the war. They might 
indicate means by which, after the 
emergency, engineering education 
might be made better. The present 
paper reports certain data regarding 
the accelerated program in engineering 
at the Ohio State University, with 
telerence to possible values in the 
tespects mentioned above. A broad 
approach was attempted, with a view 
to comparing accelerated with non- 
acelerated programs, and finding how 
acceleration affected not only aca- 
demic progress but the total existence 
of these students while in college.* 


Gross AMOUNT OF ACCELERATION 


The first question naturally is as to 
the amount of time gained and num- 


*The study is one of a series regarding 
tional acceleration being made at the 
Ohio State University by the Bureau of 
Educational Research, under the’ general 
direction of Dr. Pressey. 
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ber of students who did accelerate. 
The following table shows, for the 
pre-acceleration school year 1941-42 
(graduates in the summer and autumn 
quarters of 1941 and winter and 
spring of 1942) and for graduates in 
the school year 1942-43, the number 
of years and months from entrance to 
graduation, for those students who 
took all their college work at the Ohio 
State University. The table is in per 
cents of each class taking the indicated 
length of time. 


TABLE I 


YEARS AND MONTHS FROM ENTRANCE 
TO GRADUATION 






5-0 


14 | 187 | 4-1 
7 | 217) 3-11 


3-6 


























4/6 
9)4 


2 


5| 20 
6) 4) 3 






1941-2 49 
1942-3} 1 |37/19 1 


In the last school year, the median 
time from entrance to graduation was 
two months shorter than the year 


before. In 1941-42 more than half 
(51 per cent) took more than the 
“regular” time (3-9 years or gradua- 
tion the fourth June for those who 
entered in the autumn quarter and 
equivalent time for the few entering 
at other quarters). And the question 
might be raised as to whetherja more 
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rapid output of engineers might be 
better obtained by helping such lag- 
ging students finish more promptly 
than by a four-quarter program for all. 
In 1942-43 only 38 per cent finished 
in the accelerated regular time for 
graduation—the fourth March after 
entrance. None in 1941-42 and only 
1 per cent in 1942-43 finished under 
the “regular” time. But 16 per cent 
in the first class and ten per cent in 
the second took five calendar years 
or more (of course, not necessarily all 
of that time in school). In short, in 
the usual college set-up it is relatively 
easy to lag behind the crowd, but 
rare to get ahead of it, though there 
is every reason to assume that a 
considerable number of the most able 
students could do so. 

The next table (which includes 
transfer students) shows the effects of 
acceleration on age of graduation. 
A “regular’’ student entered elemen- 
tary school either in his sixth year or 
shortly before his sixth birthday, and 
then spent twelve years in elementary 
and secondary school, entered the 
University at 17 or 18,* and graduated 
four years later in his twenty-first or 


* As a matter of fact, the per cent at each 
age at entrance, of graduates in these two 
years who obtained all their work in this 
college, was as follows: 




















16 | 17 | 18 | 19 | 20 | Over | Total) Median 
1941-2 | 4 | 27| 41) 12; 9 | 7 187 | 18.5 
1942-3 | 1 | 27) 48) 15} 5| 4 | 217)| 18.5 























The two groups were practically identical as 
to age at entrance. Entrants over 19 were 
rare. Immediately after the war there will 
presumably be many more older entrants, 
coming from the Services or industry. A het- 
erogeneous group, including such men with 
boys straight from high. school, will present 
many problems. 
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twenty-second year. Such is the edu- 
cational lock-step. Acceleration did 
not increase the proportion of dis- 
tinctly young graduates (under 21), 


‘But median age is lower by four. 


tenths of a year and number gradu. 
ating after the twenty-fourth year 
decreased 7 per cent—very likely 
some of the older men made special 
efforts to finish because of the war. 



































TABLE II 
AGE AT GRADUATION 
i 
Uaeer i 28 2 | 23 | 24 | Ove"! Total ie 
1941-2 | 3. |21 128 |19 12| 17 | 233 | 229 
1942-3 3 |29 133 jt? 8 | 10 | 273 | 223 











The table next following presents 
somewhat unusual comparative data, 
going at the problem in a somewhat 
unusual way. It shows the per cent 
of students entering the college of 
engineering as freshmen who finally 
graduated either in engineering or in 
some other college of the University. 
The data are for the class entering 
20 years ago (the autumn quarter 
1923), a class graduating before the 
war situation could affect it much 
(entering in 1936) and the immedé 
ately pre-war class entering in 1938 as 
well as the war class entering in 1939. 
The general situation here shown is 
practically universal in higher educa 
tion. Apparently it has improved 4 
little since 1923. But even the a 
celerated class which entered in 1999 
shows only one fifth with the degree 
the fourth year thereafter. Of the 
36 and ’38 entrants, only 31 per cent 
and 32 per cent had obtained the 
engineering degree five years afteh 
Surely such a high academic mor 
tality needs attention—and might be 
reduced. 
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TABLE III 


PER CENT OF Four ENTERING CLASSES IN THE COLLEGE OF 
ENGINEERING WHO GRADUATED 








Year of Entrance 


1923* 1936 1939 





Number of entering freshman 
Per cent graduating in 4 years: 
In engineering 
In all other colleges 


Per cent graduating between 4 and 5 years 
In engineering 
In other colleges 


Total per cent graduated, end of 5 years 
In engineering 
In other colleges 


Total per cent graduating in 4 years 


Total per cent graduated, end of 5 years 


350 572 507 585 
13 18 19 20 
2 2 4 1 
15 20 23 21 

13 13 

5 Pr 

31 32 

7 6 

38t 38 





Columbus, Ohio, 1929, 150 p. 
that time. 


degree in the war period. 


In this connection the results of a 
little rough figuring seem of interest. 
The first table showed median time 
from entrance to graduation to be two 
months shorter in 1942-3 than in 
1941-2. If 217 students saved an 
average of two months, the total 
gain was 434 months or about 36 





years of time. The previous year, 
without acceleration, 67 of the gradu- 
ating class took five or more academic 
years (4-9 calendar years) from en- 
trance to graduation. If 36 of these 
students, or slightly more than half, 
might have been so helped that they 
could have finished in the regular 
time, the same total time might have 
been saved. Or suppose only a tenth 
of the over 370 1936 entrants who 
dropped out of the engineering cur- 
ficulum (or at least had not, seven 





*Edgerton, H. A. and Toops, Herbert A., Academic Progress: ‘A Four-Year Follow-Up 
Study of the Freshmen Entering the University in 1923,’’ The Ohio State University Press, 


tA follow-through to June 1943 showed 4 per cent more receiving a degree up through 
The total of 42 per cent who had received some degree by the end of 7 years may 
be in part a result of the war; more may have finished than usual, because of the value of a 


years after, obtained an engineering 
degree) had been helped in some way 
so that they remained until gradua- 
tion; such an increase of 37 engineers 
would surely have been a greater gain 
than the two months gain for those 
who did complete their training. 
Some institutions have been ad- 
mitting superior high school students 
in advance of high school graduation. 
After the war many students will 
return to begin college careers at older 
than usual age. And the question is 
raised as to whether students excep- 
tionally young or old are more or less 
likely than students of average age to 
graduate. The next figures offer a 
bit of evidence bearing on this matter. 
They combine data for students 
entering in the autumns of 1936 and 
1938 and show the number entering 
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at each age and per cent who had 
graduated in either engineering or 
some other college of the University 
by the fifth year after entrance. 








Age at Entrance 21 — 





Number of 
students 

Per cent 
graduating 


179 |83 |47 | 62 


45 | 40 | 30 |40 




















38 | 18 





The best academic risks—most likely 
to graduate—are those who enter 
young. Students over 21 are a bad 
risk. The post-war older student 
may be a very different individual 
than the older student in pre-war 
days. But after his war experiences 
he may be even less willing to stay 
through a difficult four year program, 
with consequent delay in beginning 
of career and also probably in mar- 
riage and economic independence. 


EFFECTS OF ACCELERATION ON 
QUALITY OF ACADEMIC WorRK 


The most obvious question as re- 
gards quality of academic work, is as 
to comparative grades of students 
graduating in accelerated and non- 
accelerated classes. The median 
P.H.R.* of the non-accelerated class 
of 1941-42 was 2.53 and 21 per cent 
had an average grade of B or better 
while 1942-43 figures are 2.55 and 20 
per cent, or practically the same. 
However, possible effects of accelera- 
tion upon grades would show more 
clearly if grades of all students, not 
simply those who met graduation 
requirements, were considered, and 


* The. Point-hour-ratio is the number of 
points divided by the number of hours, a 
grade of A counting 4 points, B 3, C 2, D 1, 
and E 0. 
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comparison was made between sti 
dents who had and had not attended 
summers, or taken extra courses, j 
the same school year. Moreover 


’ 1942-43 instructors might have grade 


somewhat more leniently than befo 
to make allowances for the distra 
tions of the war and the burdens @f 
acceleration upon the students. 
excitement of the war might eithe 
interfere with school work or motivate 
it more strongly. But if comparison 
were made therefore for the scho 
year 1942-43 between students wh 
were and were not accelerated in some 
way, such influences might be sup 
posed to affect both groups, ang 
therefore not be an important facto 
in any differences between them 


The next table summarizes such coms 


parisons. 


TABLE IV 


NuMBER, MEDIAN AGE IN YEARS AWM 
Montus (As oF Marcu, 1943), MEDIAN PE 
CENTILE ON TEST OF GENERAL ABILITY, 
ScHOLARSHIP (CUMULATIVE P.H.R.) OF 
DENTS WHO ATTENDED SUMMERS (AND 
WERE REGISTERED ALL FouR QUARTERS) 
COMPARED WITH STUDENTS IN ATTEND 
ONLY THREE QUARTERS, AND OF STUDEN 
CarryING HEAvy As COMPARED WITH LIG 
AcaDEmic Loaps. 














Sophomores: 
No summer 
One summer 

Juniors: 

No summer 
One summer 
Two summers 

Seniors: 

No summer 
One summer 
Two summers 
Three summers 


Sophomores: 
ad under 19 hours. .. 
Load 19 hours or more.. 
Juniors: 
Load under 19 hours... 
Load 19 hours or more.. 
Seniors: 
Load under 19 hours. .. 
Load 19 hours or more. . 
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who, at the end of the winter quarter 
1943, have attended one, two or three 
summers with students who had not 
done so. As will be seen from the 
frst column, many students did not 
accelerate by attending four quarters, 
though the opportunity was avail- 
able.* Those who did, averaged 


Adightly higher on the Ohio College 


Association test of ability given at 
mtrance to the University. Taking 
all classes together, there is no con- 
istent relationship to age or scholar- 
ship, though the few seniors who had 
been registered three summers were 
youngest, ablest and had the best 
cademic record. What little other 
evidence is available appears to be in 
cord with this conclusion that, for 
awhile at least, students can attend 
school summers as well as during the 
regular school year without evident 
sump in quality of school work.t 

The lower part of the table com- 


| pares students taking a course load 


Iss than 19 hours with those aver- 
ging 19 hours or more. In age the 
0 groups are practically the same; 
with heavier load average 


aiightly higher in ability; and in each 


Pin 


bee zie 


nN wn NS 
* 





lass those with heavier load show a 
lightly better academic record. Since 
resumably students who are not 
burdened with jobs and who are 
highly motivated take heavier loads, 


*This situation appears typical of schools 
i engineering. Thus registration figures 
om 52 institutions for the summer of 1942 
owed that ‘‘The summer terms are acceler- 
ling the training of only half of our under- 
yaduates.’’ For data on this question see 
Report of the Committee on Acceleration 
the Regular Engineering Program,” J. 
. Epuc., 32: 155-57, Oct. 1942. 
tSee for instance Beardsley, S. W., 
thweers, J. M., and Fleisig, R., ‘Evidence 
ing Efficiency of Accelerating Engi- 
eting Education,” J. ENnGr. Epuc., 32: 
-163, 1942. 
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the outcome is not surprising. But 
at least it indicates that many stu- 
dents can successfully take schedules 
heavier than average.t 

One further comparison was made. 
The class records of the department 
of Mechanics were available, for the 
pre-war school year 1940-41, the 
transition year 41-42, and the war 
year 42-43. Table V summarizes the 
findings. The Department has high 
standards and grades carefully; me- 
dian point-hour-ratio throughout is 
low, but lower in °’40-41 than in 
"42-43. Absenteeism is up only 
slightly in the war year. 

In short, the evidence is throughout 
that school work shows little effect of 
acceleration. Standards of grading 
may have gone down, or grades be too 
rough a measure to show the effects. 
But the above evidence is that stu- 
dents are taking the accelerated pro- 
gram in stride. 


t For more exact comparisons, the method 
of paired cases was used. Thus a sophomore 
who had attended during the summer (and 
thus by March 1943 had been in school six 
quarters straight), whose home was in Co- 
lumbus, who was 20 years old, at the 88th 
percentile in ability, and majoring in electrical 
engineering, was compared with another 
sophomore who had also taken six quarters 
straight, was living at home, was of the same 
age within five months, of the same percentile 
rank within 15 points, and also majoring in 
electrical engineering. For the sophomore 
and junior classes 91 such pairs were found, 
for comparing those who had been in no 
summer, one summer, or two summers. 
Median point-hour-ratio for the first group 
was 2.40 and for the one summer and two 
summer cases 2.35. Forty-six pairs were 
found for heavy versus light loads; the median 
point-hour-ratio for heavy load was 2.60 and 
light load 2.35. In short, the results confirm 
the more rough comparisons given in Tables 
IV and V above. . . . Acknowledgment may 
well here be made to the competent work of 
Miss Mildred Van Nest in handling the data 
of this total investigation. 












TABLE V 


GRADES, ATTENDANCE, AND AVERAGE CLASS 
SizeE In Stx LarGeE Courses IN ME- 
CHANICS IN THE SCHOOL YEARS 
1940-41, 1941-42, 1942-43 












































Number of 


School |__ Class| Median |P¢t Cent 
Year _ b..., | Sie | P-HR. | iene 
Classes | Students 








1940-41} 45 | 1,048 23 6.0 


1.60 
1941-42} 44 L138. 126° }..4.75 7.0 
1942-43 | 37 950 | 26 | 1.75 7.0 

















<a 
* Per cent of absenteeism “a 100 (a = Total 


absences; 6 = Number of students registered; 
c = Number of scheduled lecture meetings). 


EFFECTS OF ACCELERATION ON 
HEALTH AND RECREATION 


The preceding section has indicated 
that students could, at least for a 
short time, do intensive college work 
without lowering of academic stand- 
ards. However, if intensive work 
were done only at a cost of poor 
health, and lack of any recreation, or 
desirable social life, then the cost 
might be too high except perhaps as 
a war emergency. To get evidence 
here, two steps were taken. An ex- 
tensive inquiry form was filled out by 
a total of 165 junior and senior 
students. And an able senior made 
it his business to talk with other 
students as widely as possible and 
sound out informally their attitude 
toward some of these questions. The 
next table shows per cents of the 165 
upperclassmen who checked certain 
items which seemed of special signifi- 
cance, on the inquiry form. 

The table shows that 61 per cent of 
these engineers felt that their social 
life was limited and 19 per cent were 
members of no professional, social, 
athletic, or other group; 13 per cent 
considered themselves fatigued most 
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TABLE VI 


PER CENTS OF 165 JUNIOR AND SENIOR Engr 
NEERS CHECKING CERTAIN ITEMS ON’ 
AN EXTENSIVE QUESTIONNAIRE 
REGARDING ACCELERATION 


Social life: 
EE ia ak ee 
Member of no group..... fee. bee 
Health: 
Under par or poor.............. acne 
Fatigued most of time............. 13 
Amount of school work: 
More than desirable............... 36 
Could take more. ..:......... 20 3 
Education too hurried ............ 3B 


Acceleration should be dropped after war 7) 
Summers most worthwhile: 


WPM cccse ccs sons). ee 9 
Going to school....... sc a b= 
| i eee 18 
PIR asics. an bvninhennies ip cae 1] 
Spent no time during past week in: 
Lemute redding... :...° 2°... 3 » 
Exercise or sports................. 41 
Dates, social affairs..............00m 
Spent over 15 hours working............ B 
No work experience of any kind......... 3 


of the time; 36 per cent thought that 
they were doing more school work 
than was desirable, and 25 per cent 
considered their education hurried; 
70 per cent thought that accelerated 
programs should be dropped after the 
war. Moreover, 59 per cent felt their 
summers to be most worthwhile when 
they worked—presumably in jobs d 








some professional relevance. Signift 
cant of the burden some students wert 
carrying is the fact that 25 per cent 
said they were working while in schod 
over 15 hours a week to earn money, 
while 51 per cent declared they had 
no time for exercise. 

Similar -results might have beet 
found if the inquiry had been made 
before the war; the difficulty of th 
engineering curricula, rather than the 
stress of acceleration, may be tht 
important factor. But anyhow, tt 
appears that many students are now 
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working too hard, and lack desirable 
recreation and balanced normal life. 
And these conclusions were verified 
by the observations and inquiries of 
the student investigator. Not recog- 
nized by his fellows as so serving, he 
drew them into casual conversation 
about their work and their leisure, 
watched them in rooming house and 
college hang-out and on evenings off. 
Superficially there was a ‘“‘what’s the 
use” attitude on the part of some; 
good-bye affairs for an associate called 
into the service might demoralize 
existence for several days; financial 
need plus the many opportunities for 
good money in war industry led some 
into an almost impossible total burden 
of study plus job. Tempers were 
often short. But youth carried on.* 

And though aside from issues dealt 
with in this investigation, it may well 
be stressed here that the burden upon 
the faculty was indeed great, with 
reduced staff and increased load of 
teaching, administrative duties, and 
war-needed research. That the stu- 
dents maintained good academic 
standards in the accelerated program 
would indicate that instruction had 
not deteriorated. But no one ac- 
quainted with an engineering faculty 
could doubt that the cost in health 












and normal living had been heavy. 


ACCELERATION AND Post-WAR 
ENGINEERING EDUCATION 


To many faculty members, acceler- 
ation is a war burden, to be got rid of 
a soon as possible. But after the 
war men will return to college who 
have been in the services or war 
industry and who, being several years 





*Mr. Arthur Kornichuk was here and 
throughout the investigation of very great 
aid in helping gather data, and interpret it 
from the student point of view. 
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older than the average entering stu- 
dent of pre-war days and much more 
mature and experienced, will very 
likely desire to complete their educa- 
tion in a shorter time than formerly. 
No less a person than President 
Wickenden of Case has declared that 
“Programs of the transition period 
must inevitably be of an intensive, 
possibly even hurried, character. . . . 
We shall be dealing with young people 
who, while educationally belated and 
out of touch with a world in which 
they have never had an economic 
place or a social stake, are nonetheless 
physically and psychologically mature 
beyond their years.’’t Moreover, in- 
creases in efficiency if not a shortening 
of time might surely be hoped for, in 
education as well as industry, as a 
result of improvements stimulated by 
the war. What constructive sugges- 
tions, for post-war engineering educa- 
tion, may be made on the basis of the 
war-time experience with accelera- 
tion? Four suggestions are offered. 

1. As pointed out in the first section 
of this paper, in the past less than a 
third of the students who began an 
engineering program obtained an engi- 
neering degree. And over a third of 
these took more than the “regular’’ 
four years.[ The first step toward 


t Wickenden, W. E., “Adjustments that 
should be Made in the Engineering Curricula 
for the War and Post-War Periods” An 
address delivered at the general session, The 
Association of Land-Grant Colleges and Uni- - 
versities, Chicago, October 29, 1942), Virginia 
Polytechnic Institute Bulletin 36, No. 1, 
November, 1942. 

t Elimination and retardation are by no 
means to be blamed simply on poor student 
ability. Thus 55 per cent of the students 
entering in 1936 who scored in the upper fifth 
on the entrance test of general ability failed 
to obtain a degree in five years, most having 
dropped out of school. A valuable discussion 
of the importance and complexity of these 
problems will be found in “Report of the 











increasing the efficiency of engineering 
education might be to reduce such 
educational mortality and retardation. 
Thus the previous section showed that 
a quarter of the students in residence 
during the past year had been spend- 
ing 15 hours or more a week earning 
money. A considerable amount of 
elimination and retardation is prob- 
ably due to financial difficulties. 
Funds for service men for the com- 
pletion of their education should here 
greatly help. Also, some students 
have difficulty in engineering because 
of inadequacy of preparation, espe- 
cially in mathematics and also some- 
times in English and in study meth- 
ods. Special classes to help these 
students remedy such deficiencies 
have been found of value.* By such 
financial and educational aids, and 
better guidance, more entering stu- 
dents graduate and with fewer delays. 

2. After the war, many men will 
return to schools of engineering who 
have had special training for war 
service or industry, or special experi- 
ence, which will give them more 
knowledge of certain types of engi- 
neering problems than pre-war enter- 
ing students. Before the war a few 
able students from good high schools 
came to college with preparation in 
English, mathematics, or chemistry 
so excellent that they passed. by 
examination, the required freshman 
courses in these subjects before taking 
them. The students consulted in this 
investigation often mentioned that if 
more reasonable standards were set 
in such examinations, many more 
students might thus get a head start 
into their engineering training. 
Committee on Student Conservation,” J. 
Ener. Epuc., 33: 82-91, 1942. 

* See for instance Robinson, F. P. ‘‘Study 
Skills of Soldiers in A.S.T.P.,”" School and 
Society, 58: 398-99, 1943. 
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‘or experience will be given credit 


It is of great importance that after 
the war there should be means by 
which students entering an engineer- 
ing curriculum with advance training 


therefor. Certain examinations now 
being prepared for the army may well 
here be of value.t It may well be 
that credit by examination should 
become as well recognized as credit 
by course-taking. 

3. Under stress of the war, industry 
has not simply worked longer hours; 
even more there has been an effort to 
find more efficient methods by which 
time and labor might be saved. In 
strange contrast, universities and 
technical schools (which have con- 
tributed so largely to improved meth- 
ods in industry) have accelerated 
“the hard way,’ by heavier course 
loads and elimination of vacations 
rather than by seeking more efficient 
means of doing their own work. A 
systematic effort to pool new ideas 
as regards both curricula and instrue 
tional methods and materials would 
seem highly desirable. From the 
total of educational innovations not 
only in the collegesf but also in army 
and industrial training programs, it 
should be possible to find methods by 
which in the aggregate substantial 
educational gains could be achieved. 


¢See, for instance, Tyler, Ralph W 
“Appraisal of Military Training and Expert 
ence,” Journal of the American Association 
Collegiate Registrars, 18: 345-52, 1943. 

t See for instance, P. F. Nemenyi and R 
L. Lewis, ‘Plans for Special Acceleration d 
the Study for Senior Engineering Students d 
Superior Ability,’”” THE JouRNAL oF ENG 
NEERING EDUCATION, 33: 850-865, June, 1942 
Some of the special films and other instrue 
tional devices and the intensive streamli 
courses developed in the army surely contaif 
much of continuing value, even if streamlining 
there may have gone too far and work done 
under a pressure not healthy in peace-time. 
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4. This investigation has shown 
that some students can take more 
than average academic load, or go to 
ghool throughout the year. But it 
has also shown that some of these 
students (and some others taking only 
an average load) are suffering as 
mgards recreation, social life, and 
health. It has pointed out that, after 
the war, students will come to engi- 
neering colleges with a great variety 
of backgrounds as regards special 
training and experience; and it may 
be added that these men will also 
present many problems of health and 
of social and emotional adjustment. 
Adequate guidance programs seem a 
necessity, if the program of each 
student is, then, to be planned with 
ay reasonable adjustment to his 
background, capacities and needs. 


SUMMARY 


1. A study of accelerated educa- 
tional programs at the Ohio State 
University showed a saving of two 
months from entrance to graduation, 
for graduates in the school year 
1942-43 over the graduates of the year 
previous. However, only 20 per cent 
of the entering class of 1939 received 
the engineering degree within four 
years—a gain of only one per cent 
wer the entering class of 1938. Two- 
thirds of the average entering groups 
lever complete the engineering pro- 
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gram. It is suggested that such aid 
to students as would permit more of 
those who enter to graduate, and more 
of those who take more than four 
years to graduate in the regular time, © 
would accomplish more than is accom- 
plished by the elimination of vaca- 
tions, and the extra work, of the usual 
accelerated program. 

2. A variety of evidence all agreed 
in indicating that accelerated students 
did as well academically as the non- 
accelerated. Those attending four 
quarters did approximately as well as 
those in only three, and those taking 
heavier than average academic loads 
somewhat better than those taking 
lighter loads. 

3. Inquiry by means of both ques- 
tionnaire and interview indicated that 
under the accelerated program (though 
not necessarily as a result of it) many 
students were fatigued, spent much 
time earning money in addition to 
their school work, and lacked exercise, 
recreation, and a desirable social life. 

4. Certain types of accelerated pro- 
gram will be needed to meet the post- 
war problems. The great danger in 
all fields of professional education is 
an attempt after the war to return to 
“normalcy” rather than to utilize 
war-time experience in efforts at solu- 
tion of these problems. Suggestions 
are offered, in the light of the findings 
of the study, regarding post-war read- 
justments in engineering education. 











A Revision of the Aeronautical Engineering 
Curriculum in the Light of Modern 


Aircraft Engineering Requirements* 


By C. T. REID 
Staff Engineer, Douglas Aircraft Company, Inc., Santa Monica, California 


Part I 
What are the modern requirements? 


The day of vague generalities in the 
study of aeronautical science is past. 
We no longer speak of “The Study of 
Aeronautics,” or “The Study of Avia- 
tion.” Engineering courses, giving a 
sampling of every aeronautical subject 
from meteorology to stress analysis, 
with airport layout and management 
thrown in, are passe. 

Our topic uses the phrase “Modern 
Aircraft Engineering.” This is hope- 
ful, but still requires explanation. We 
will exclude lighter-than-air craft from 
the present consideration. This nar- 
rows our field down to flying machines 
that are heavier-than-air, and for the 
current discussion we may take this to 
mean airplanes. 

What then of the airplane engineer- 
ing requirements? Well, it may quickly 
be conceded that further subdivisions 
would be needed to idealize the speciali- 
zation of training to produce experts 
in the design of engines, or propellers, 
or structures, or other particular parts 
of an airplane. However, this seems 
to be carrying specialization too far. 
A top-ranking man in any of these 


* Presentéd at the 50th Anniversary Meet- 
ing (Aeronautical), S.P.E.E. Chicago, II- 
Iinois, June 19, 1943, 
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fields is best produced by thorough 
basic training in mechanical engineer 
ing, topped off with post-graduate study 
in the specialty. . 
Perhaps in these days of accelerated 
training, we should seek a better sug- 
gestion than that all purely aeronautt 
cal subjects wait for graduate study. 
Also, it is well to bear in mind that 
standard four-year courses in mechani 
cal engineering ordinarily occupy some 
time with studies of little practical ap 
plication in aircraft engineering. They 
occupy such time because a general 
mechanical engineering course tries, 
very properly, to sample many fields 
of mechanical engineering. Consider 
able headway has been made in adjust 
ing this condition for the benefit of 
the airplane industry by offering seniot 
year options in a variety of subjects 
The student who, by the end of his 
junior year, feels inclined to work om 
airplanes, may brush aside courses in 
steam and gas, or refrigeration, of 
Diesel engines, and take something itt 
troductory to airplane design. Many 
such courses in mechanical engineer 
ing, with “senior options in aeronat 
ics,” as they are called, are nowadays 
doing a fine job of training. Just how 
successful they are in fitting the new 
young engineer for his work depend 
to a great extent upon the exact natuft 
















of the work and how well its demands 
were understood and met in college. 

We are led inevitably into a study 
of what the employer wants and ex- 
g pects of a new young engineer. Of 

course, this depends upon whether the 
employer is a military service, an air- 
fine operator, a manufacturer, or what ? 
And if a manufacturer, it makes a 
difference whether he builds an airplane 
or just an engine, propeller, or some 
other independent special part of an 
airplane. 

To move along into a more objective 
discussion, let us suppose that the em- 
ployer is a typical airplane manufac- 
turer. He buys his propellers from a 
factory which makes nothing but pro- 
pellers. He obtains his engines from 
another factory that makes only en- 
gines. Do not think for a minute that 
he does not have knotty problems in 
power plant design to be solved! An 
gine comes from its maker without 
ay fuel tanks, fuel valves or piping. 
There are no tanks or piping for the 
ail system, either. The engine control 
mechanism is yet to be created. So is 
most of the electrical system. Car- 
buretor air scoops, with ice prevention 
provisions, exhaust manifolds, cowling 
with flaps and adjustment gear, and 
the major structure of the engine 
mount, are all left to be designed to 
suit the particular application. 

So much for power plant engineer- 
ing. What are some of the other jobs? 
Well, a couple of others, also using 
taining in machine design, strength of 
Materials, fluid flow, heat transfer, and 
shop manufacturing considerations, in- 
Wlye creation of the hydraulic system, 
ad the air conditioning system. The 
lydraulic system consists of very su- 
rior and scientific plumbing, upon 
Which satisfactory manipulation of. 
Many of the flight controls depends. 
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The air conditioning system covers all 
the wide field from simple cockpit 
heating to elaborate pressure cabin pro- 


visions. Precision machined parts, di- 
mensioned for economical manufacture 
yet reliable interchangeability in the 
field, are the principal components. A 
good appreciation of what can, and 
what cannot, reasonably be made in the 
machine shop, the forge, the foundry, 
and the sheet metal shop, is essential. 

The same basic characteristics fea- 
ture the engineer’s creation of the 
mechanical controls, gun and bomb 
mechanisms, or useful load provisions 
of whatever kind. In all branches, a 
good practical knowledge of templates, 
jigs, tool fixtures, and dies, is required. 
Laying out on the drafting board the 
design details to produce strong light- 
weight structures of stiffened thin 
metal sheet does most all that is left 
of the job of engineering on the air- 
plane. 

Yes, it is true that we have not 
mentioned aerodynamics, or stress anal- 
ysis, thus far, and yet we have covered 
most all of the work that our four-year 
engineering graduate finds a chance to 
do. No, the scarcity of opportunities 
for him on aerodynamics and stress 
analysis is not so much due to his lack 
of highly specialized post-graduate 
training as to another factor. There 
just is not very much of those things 
to do! Percentagewise, the men doing 
aerodynamics, or stress work, in an 
airplane factory’s Engineering Depart- 
ment, are only a drop in the bucket. 
More than 80 per cent of the engineer- 
ing is done right on the drafting boards. 
Most of this is mental effort. All of 
it is highly scientific. On the drafting 
board is where the airplane is con- 
ceived and born. Drawings made to 
show it are the manifestation. 
Creating a modern airplane is a prod- 
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uct designer’s job. A large share of 
it is so wrapped up in production man- 
ufacturing technique that one almost 
loses sight of aeronautics, periodically. 
Most of the myriad problems differ 
from those in the design of a sub- 
marine, a harvesting machine, or a 
railway streamliner, only in the scrupu- 
lous care given to strength-weight ratio 
in airplane work. 

Of course, we want more aerody- 
namicists and stress analysts in the air- 
plane factories! They are vital. It 
would be tragic if the colleges stopped 
turning them out. We don’t want any 
reduction in the training of aerody- 
namicists and stress analysts. Eight 
per cent, or more, of the students, may 
well prepare for specialized duties on 
stress analysis or aerodynamics, be- 
cause just about 8 per cent of the place- 
ment opportunities demand such spe- 
cialization. But above all else the 
changes needed in the curricula train- 
ing our engineers are those changes 
which will send us men to work as 
designers. 

Why should the schools be slow to 
grasp this point? Why do professors 
openly discourage applicants from ac- 
cepting a start on the drafting board? 

Go to anybody’s airplane factory and 
meet the Chief Engineer. Ask him, 
not how he “got his start,” but what 
jobs he worked at before he became 
Chief Engineer. The chances are bet- 
ter than 10 to 1 that he has been a 
designer most of the time. We choose 
our leaders of specialty groups from 
among the ranks of designers. Our 
project engineers, in charge of work 
divisions by models, are the successful 
designers. The steps on the main 
staircase toward the Chief Engineer’s 
office are draftsmen, designer, group 
leader, project engineer. This stair- 
case leads on beyond Chief Engineer, 
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‘the ranks of the engineering designers, 


too. If you will look up the biography 
of your favorite airplane company 
president, more likely than not you will 
discover that he came right up from 


It would be a very good plan indeed, 
if even those students who choose to 
specialize in stress analysis or aero 
dynamics were required to first com 
plete the regular course of training for 
product designers. 


Part II 


How can education and training satisfy 
the requirements 


There is so much need of training 
emphasis upon utility value in industry 
that we must declare at the outset that 
industry has to assume a great share 
of the burden. Experience with 
ESMWT courses has shown us the 
tremendously increased value of stué 
ies laid out by industry and taught 
by college faculty members with tr 
cently renewed industrial experience 
Industry must join with the colleges ia 
assuming the responsibility for build 
ing the right curriculum. In many @ 
the subjects, ir lustry must go still far 
ther and outline the detail content @ 
the course. 

There is only one place, to find ott 
what can and what cannot be done if 








manufacturing. That is in the shop 
Since this knowledge needs to be dé 
veloped along with, and as a means 6, 
the unfolding of basic scientific trait 
ing, the college people concerned abse 
lutely require frequent and convenient 
access to manufacturing shops. 
Codperative courses come to mint 
It is a fine thing for a college studemt 
to alternate between time in college am 
in industry. A still better thing woul 
be for every one of his instructors q 
engineering subjects to do that vey 
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thing themselves! Industry must face 
squarely the fact that no one can effec- 
tively teach what he doesn’t intimately 
know. Since what industry needs 
taught is how metal products are de- 
signed for production, industry must 
provide the opportunities for profes- 
sional educators to learn the factory 
and design room processes, and keep 
up to date by refreshing and renewing 
that knowledge repeatedly on a never 
ending codperative schedule. 

We must make available our refer- 
ence and procedure manuals and sam- 
ple problems from our new experiences. 
Dean Hammond has pointed out how 
the pattern of engineering education 
has been effectively determined by the 
texts used. Very few specialization 
text books and still fewer texts of fun- 
damentals are able to give enough prac- 
tical examples to clinch the learning 
process the way it can be clinched when 
emphasis is placed upon application to 
use. To those who fear that this 
would cause training to be too special- 
ized, we remind that this treatise is of- 
fered “In the Light of Modern Air- 
craft Engineering Requirements.” In- 
evitably comes the bewildered cry: 
“But how do we know the student will 
go into aircraft?’ Our answer is: 
“Let him be employed in aircraft work 
for a while and find out.” Let him 
change from full time study to full time 
work in the industries for several whole 
quarters, spaced throughout his col- 
lege career. The people who follow 
this procedure always get the most out 
of college. 

The engineering training that would 
tow help the airplane manufacturing 
industry most would be a mechanical 
migineering course strongly flavored 
throughout with design for production. 

A sample course outline is appended 
this paper. As the outline is pres- 
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ently arranged, it shows twelve quar- 
ters of work instead of the usual six- 
teen quarters of an ordinary four year 
course. However, these are twelve- 
week quarters spaced by one week in- 
termissions, and thus are quarters of a 
calendar year. In three calendar years 
the same ground is covered as in four 
normal school years. Since this theory 
of operation is discussed at length in 
an earlier paper of ours, we will not 
digress to develop it here.* 

It will be observed that the outline 
places a strong emphasis on the funda- 
mentals. There is plenty of mathe- 
matics and a lot of physics. Save for 
the first two terms, which are given 
to chemistry, physics carries straight 
on through every quarter. It takes 
the form of thermodynamics, fluid me- 
chanics, and a bare introduction to 
aerodynamics. English is included, 
fundamentally, then for written and 
spoken expression. Economics, indus- 
trial psychology and engineering man- 
agement are touched upon. Design 
work on the drafting board is devel- 
oped most thoroughly. Along with de- 
sign run courses in various types of 
shop application. These may very well 
come as credit allowance for industrial 
cooperative employment time, provided 
satisfactory grades are made in qualify- 
ing examinations. In any event, there 
is intended such close correlation be- 
tween scientific theory and industrial 


practice, that motivation will be very - 


high in both directions. 

The course has nothing at all in it 
about steam engines or turbines. On 
this account, apparently our calling it 
a course in “Mechanical Engineering, 
strongly flavored with design, etc.” has 


* “College Level Training—War and Post- 
War,” by C. T. Reid, a paper presented at 
the Texas Aviation Conference, A. and M. 
College of Texas, May 6, 1943. 












= 
~ 
_ 
2) 
3 
a 
a4 
=) 
O 
O 
< 
eo) 
ea] 
isa) 
Z 
O 
Z 
ea) 
4 
< 
= 
ee 
Y 
< 
Z 
fo) 
24 
i) 
< 
fey 
co) 
a 
ie 
n 
> 
eal 
~ 


490 


‘uoryeulmexa ZurAyiyenb Zuissed uodn A1jsnput Ur aut} JOJ YIP219 BAIN y 





¥d0yuS 
queurn4jsuy 


ouerldiiy 


aAID21q 


#U31S9q 
wiaysAS 
[e911399/4 
ouedity 


#7 U31S9q 
UO!ze]/eysUy 
queig JaMog 
ourdiy 


POUBULIO}I8g 
uray 
Suryeurjsq_ 

JO SpoyyW 
quingy jo ny 


Ai0ye10ge’] 
[eoupelq 


+U31S9q 
W33sAS 

ay nepAH 
oueldiry 


*U31S9C] 
waysAg 
Buruoipuo-) 
dry sueldary 


«} UBISaqy 
UOoTzeT[e WSU] 
quelg eMog 
suey 


sorweUuAp 
-O18y 0} 
uononpoljuy 


} 
A10je10qe’T 
Jeorueypoyy 


4UZ1seq 
WI33z8SAS 
jo1qu0> 
suey 


«U3ISoq 
quowesueLy 
401193] 
suey 


soulsuq 
uorysnqulo7) 
yeusejuy 


Z sopURYyOWT 
PINT 


| 


| 
| 


A10jze10ge’J 
Bu1}s0] 
S8INJONIIS 


suorjenby 
feryussepid 


UZISOq 
yeanzon.iysg 
euediry 


ABojoysAsg 
[e1ysnpuy 


] So1ueypoayy 
PINT 


| AlozeIOge’] 


} Buryse] 
| - syeazVPy 
| 
| 
sninoyeg 
} jeisajzuy 


4S89INJONIYS 
oueldiy 

jo sisAyeuy 
$89.131S 


queul 
-oseueyyy 
Supsousuq 


sormmeuAp 
-OuLiay 


JOS 
spoyiwp Bur 
-inwoeynueypy 
pue Assuryo 
RW yepuy 


Z snpnozesg 
jenueryiq 


x83UNT 
ourdiuy 
jo BuppeyD 
yqwuals 


sisAjeuy 
yso0_ pue 


Bulpnpeyos 
Supvsulsuq 


Assure yy 
jo SoIVIUTYy 


¥doys 
aiNjXxI yy 

pue 31f ‘aq 
yenduy 


I snpnofes 
enue 


us1seq 


AUTOR 


Z SoyWIOUDNG, 


Z SOTUBYOW 
payddy 








#d0yS 
suryeyw 
ajejduiay, 
pue Suro] 
yelIy 


A1}aUI0a4) 
feorAyeuy 


sSuryjerq 
woAB’T] 
yepdsy 


] SoTWIOUONy 


| SoUBYDIWy 
paddy 


4A10}B10qe"T 
Sa8S9001g 
pue 
spepajeyy 
Yye1dauy 


aAqway 


Aijyautoesy 
aandioseq 


Zz sosAud 


«doys 
[e329 3294S 


Asqawou 
-O311 


sBunyeaq 
1re39q 
yey 


SunM 
yodey 
peoquyoo | 


1 sorsAtd 


xdous 


| 


«doyg 3104 


supe | pue Aipunoy 


Zz Biges[V 
aBaT[O> 


Z Buymeig 


Suyseusuq 


z sysuq 


z Axysquray 


| 


1 eagasly 
aBa1oD 


| Suywesq 


Suvsusuygq 


T ysisuq 


1 Arysrumeys 





zl 





it 


or 








6 


8 








L 





9 





$ 


t 








¢ 





4 











I 





sivdA JepuTes 9dIY] UOTeING ‘eax IepUsTe> INO S]IIy siayWeNA) ussMJeg Yoo J SYOeay sysoAQ ZI] JO SsoqWeENG Z] 
ONIMAANIONY TVOILAVNOUAY NI FAADAG AONAING JO AOTAHOVG AOA WAINIAAND AOATIOD aALsADNNS 

















heen criticized as a misnomer. Very 
well, let us call it something else. We 
do not wish to split hairs about termi- 
nology, although it does strike us that 
in the present world-wide range of job 
demands, a mechanical engineering 
course is more blame-worthy when it 
omits treatment of light-weight alloy 
materials and technique of product de- 
sign than when it leaves out obsoles- 
cent steam engine theory and experi- 
ment. However, let’s call our course: 
Aeronautical Engineering. It will de- 
serve this name, judged by anyone’s 
standards, when it runs far enough be- 
yond the Bachelor’s degree require- 
ments here listed to accomplish by 
graduate study the complete training 
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of a few stress analyses and aero- 
dynamicists. 

This is a heavy program with very 
few spaces left for electives. It is 
hoped that the curriculum committees 
may find in it the quantity and quality 
for a B.S. degree. 


OTHER SUBJECTS SUGGESTED FOR ELECTIVE OR 
Post-GraDUATE STUDY 


(Generally more than one 12 week course) 


Advanced thermodynamics 
Complex variables 

Vector analysis 

Electrical engineering 

Advanced aerodynamics 
Advanced propeller design 
Advanced aircraft engine design 
Aircraft instrument design 
Indeterminate structures 
Vibrational analysis of structures 


t 








A Field for the Mathematician 


By BENJAMIN EPSTEIN 
Associate Mathematician, Frankford Arsenal, Philadelphia 


Within the past two decades, a sig- 
nificant change has taken place in in- 
dustrial inspection. In 1924, Dr. 
Walter Shewhart of the Bell Tele- 
phone Laboratories published his in- 
vestigations on the applications of sta- 
tistical methods to the control of items 
produced by mass production methods. 
The general body of theory and its 
applications to production problems at 
the Western Electric Company have 
been treated in Dr. Shewhart’s book 
published in 1931.* With the begin- 
ning of the present emergency there 
has been a marked increase in the ap- 
plication of statistical methods of qual- 
ity control in British and American 
industries. The impact of war on 
hundreds of plants, which were sud- 
denly required to fashion thousands of 
items held to close tolerances, made it 
imperative to control the quality of the 
product during its manufacture and to 
minimize the loss due to excessive 
scrap, inefficient inspection methods, 
unnecessary machine adjustments, and 
general waste of man-power. The old 
hit or miss methods of inspection were 
inadequate for the purpose. A scien- 
tifically sound system had to be intro- 
duced. 


*W. A. Shewhart, “Economic Control of 
Quality of Manufactured Product,” Van 
Nostrand and Company, Inc., New York, 
1931. 
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The basic principles upon whih§ (a) 
quality control of the product by ste 
tistical methods rests are these: The 
fundamental inspection is the proces 
inspection. The aim of the inspection 
is to detect abnormal variations from 
the norm (as determined by statistic 
analysis of the data) during the prot 
ess of manufacture and to take steps 
to eliminate the sources of trouble @ 
once. Control is maintained by taking 
a succession of small samples at 
tionally spaced intervals during the 
process and requiring that the results 
of measurement or visual inspection 
remain within limits based on the prior 
history of the process. Wherever pot 
sible, actual measurements of dimer 
sional quantities should be taken rather 
than the go-not-go type of measure 
ment common in industrial establist 
ments. If these main principles af 
followed, then the control chart will ® 
an invaluable tool in the hands of tht 
experienced engineer. 

Up to this point it seems as if # 
problems involved in controlling tht 
quality of products during the proces 
of manufacture consist merely of 
cording data on charts and seeing tof 
that points continue to fall within ce 
tain control bands. If they fall o 
side these control bands, then the tod 
setter or engineer goes to work aff 
makes suitable changes to bring # 
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process back into a state of control. 
The procedure appears to be cut and 
dried. What does this have to do with 
the mathematician ? 

The answer is simple enough. 

The control chart is not a magic 
charm and does not automatically pre- 
yent the occurrence of trouble; the 
plotting of points on charts is not an 
end in itself, but is merely an aid to 
the engineering judgment. In prac- 
tice it will be found: 

(a) that it is a long hard job to 
attain a state of control—numerous 
dificult problems must be overcome in 
order to reach this stage; 

(b) even if a state of control is at- 
tained, there will arise numerous in- 
stances in which there are departures 
from this state. Intensive research 
must be carried out in order to un- 
cover the reasons for these departures. 
In order to answer many of the ques- 
tions arising under (a) or (b) it is 
often necessary to design carefully ex- 
periments which will uncover the rea- 
sns for departures from the normal 
sate of affairs and sometimes yield 
ther very valuable and pertinent in- 
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formation. 

At the present time industrial engi- 
mers in general do not possess the 
mowledge and background in mathe- 
Matics or physics to design experi- 
ments properly or to interpret the re- 
silts of such experiments in the light 
if known statistical principles. They 
lick those elements of statistics which 
will at least give them facility in han- 
ding those problems which are en- 
@untered daily. 

It is not difficult to enumerate some 
if the “normal” problems that con- 
font the industrial engineer. Every 
fme an engineer makes a series of 
Measurements, he is dealing with some 
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curve fitting and distribution theory 
could be applied. Whenever a change 
is made in a manufacturing procedure, 
whenever the product from one ma- 
chine or one lot of raw material has 
to be compared with the product from 
another machine or another lot of raw 
material, he is dealing with the ques- 
tion of whether or not the differences 
observed are significant or just caused 
by sampling fluctuations. Whenever 
there is a marked connection among 
measurable physical quantities (e.g., 
temperature, hardness, length, surface 
coating, etc.) then he is dealing with 
the theory of correlations. One could 
multiply these examples many times 
and still not exhaust all the possibili- 
ties of the application of elementary 
statistical methods to engineering prob- 
lems. 

The problems just mentioned are 
essentially routine in character. Yet 
the training of most engineers is inade- 
quate for handling such problems. Un- 
der the circumstances it is hardly to be 
expected that they will be able to 
handle the more complex experiments 
which frequently occur in industrial 
work. They need the expert advice of 
the mathematician in order to solve 
such problems. 

It is not uncommon to find the fol- 
lowing sort of problem in practice: 

Suppose that the functioning of an 
article A depends on the measurable 


quantities a, b, c, d. Suppose further . 


that the values of a, b, c, d, satisfy the 
following conditions: 


@,<a<a, C. SL & 
b<b<b, d,<d<d, 


(a, b, c, d may be expressed in various 
units, ¢.g., a and b might be lengths, 
¢, grain sizes and d, weights). Then 
what combinations of values of a, B, 
c, d will give the best functioning of 
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article A? In order to answer this 
question one might employ a factorial 
design with 2*=16 combinations.* 
The analysis of variance would tell one 


whether or not changes in certain of ’ 


the factors or combinations of factors 
would affect significantly the function- 
ing of A. It is readily seen from this 
sort of example, how one might logi- 
cally proceed to construct the best set 
of tolerances within which to maintain 
the product and to make a specifica- 
tion, possessing the highly desirable 
property that no article A possessing 
any combination of values of a, b, c, d 
whatsoever (a, b, c, d, lying of course, 
within specification limits) would give 
poor functioning. 

The design of experiments in indus- 
try is a relatively new field and the 
opportunities for the mathematician 
are many. He can make a great con- 
tribution to the effectiveness of engi- 
neering, design, and research depart- 
ments by: 

(a) teaching the fundamentals of 
statistics to members of the engineer- 
ing staff; 

(b) developing statistical methods of 

* For the design of experiments, see R. A. 


Fisher, “Design of Experiments,” Oliver & 
Boyd, 1935, Edinburgh and London. 
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quality control throughout the plant 
and teaching the methods to super 
visory inspection personnel ; 

(c) using the factorial design of 


‘experiments and other modern experi- 


mental techniques to uncover significant 
causes of variation and analyzing the 
data thus obtained—such experiments 
sometimes lead to relatively pure re 
search. 

(d) applying the results obtained 
from well-constructed experiments to 
change designs or to alter specifica 
tions. 

The greatest contributions in the 
field of quality control have been made 
by mathematicians and physicists. Itis 
likely that this trend will continue, as 
long as engineers do not receive the 
theoretical training necessary to per 
form the non-routine investigations im 
this field. It is too much to expect 
mathematicians and physicists to go 
into the field in a wholesale manner, 
However, those scientists at present 
employed in industrial capacities or at 
tached to research groups could render 
a signal service by aiding in the pro 
motion of the use of sound statistical 
methods in controlling the quality of 
product or the designing and analysis 
of experiments. 
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Castings Design and Engineering Curricula" 


By NORMAN F. HINDLE 


Assistant Secretary, American Foundrymen’s Association, Chicago 


In introducing this paper, the author 
believes that it might be well to ac- 
qaint the reader with just what the 
foundry industry is. The foundry in- 
dustry is the fifth largest in the United 
States and consists of approximately 
4500 individual producers employing 
oer 750,000 people, which, in 1942, 
produced over 20,000,000 net tons of 
finished product valued in excess of 
$3,000,000,000.00. The products of 
the industry, namely, castings, are so 
varied in type, size, and metal used 
and are produced by such a variety of 
processes that no general statement can 
be made concerning them. We use 
them daily in our natural routine of 
life, but probably do not realize it to 
ay great extent. 


Types OF FOUNDRIES 


Producing plants are of two general 
types, the so-called jobbing and captive 
foundries. Captive foundries are 
wned and operated as part of a com- 
pany and the products of such foun- 
ties usually are incorporated in the 
product of the company. Jobbing foun- 
ties are independent castings produc- 
ts which sell their products to the 
wer. Some foundries, especially the 
a@ptive type, are quite large, several 
tormally producing between 1,000 and 
4000 tons of castings daily, but when 





_*Presented at the 50th Anniversary Meet- 
aE). S.P.E.E., Chicago, June 18-22, 
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compared with the large plants of the 
country, even the largest foundry 
would be considered small. In normal 
times, the product of the larger jobbing 
foundries is sold within a radius of 
approximately 500 miles of the plant. 


FouNprRY PRACTICE AND ENGINEER- 
ING CURRICULA 


Since the foundry or the metal cast- 
ing industry is the fifth largest in the 
United States, why, then, have the 
metal casting processes in many in- 
stances been overlooked by engineers 
as a method of fabrication? Why 
have universities and colleges not given 
an emphasis to foundry products and 
manufacturing processes comparable 
with their place in the industrial pic- 
ture? In the opinion of the writer, 
there are several answers, but space 
does not permit their enumeration. 
However, one of the reasons is that 
too many engineering schools have 
clung to teaching the so-called foundry 
courses as an art rather than a science. 

From the beginning, “foundry,” 
along with certain other courses, has 
been taught as a shop course. it be- 
came tradition that these courses taught 
the use of the hands and engineering 
schools went to industry to find men 
trained in a particular trade to teach 
such shop courses. These shop courses 
became manual training or vocational 
courses and many, though not all; 
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schools continued to regard them as 
such. 

The time for such courses is past. 
Foundry courses should be established 


on an engineering basis with instructors ’ 


who have an engineering training and 
background and occupying a place on 
the faculty in equal importance to 
other members. The courses should 
cover processes and products and 
should deal with the manufacturing 
processes in general, with the metals 
cast and their application, the proper- 
ties available and some metallurgy, 
particularly that portion devoted to 
solidification. 


GREAT ProGRESS IN FOUNDRY 
INDUSTRY 


Furthermore, there is not sufficient 
coordination between the teaching of 
foundry practice in shop courses and 
such engineering courses as strength of 
materials, mechanics, machine design 
and metallurgy. Shop courses in the 
foundry have improved in some engi- 
neering schools during the past few 
years, due partly to the aggressive atti- 
tude on the part of some instructors 
and partly to the activities of the Com- 
mittee on Codperation with Engineer- 
ing Schools of the American Foundry- 
men’s Association. The latter com- 
mittee is believed to have had an im- 
portant part in the improvement of 
the so-called foundry shop courses. 

However, as a whole, few engineer- 
ing schools seem to realize that more 
progress and improvement has been 
made in the casting of metals in the 
past 15 years than in the previous 75 
years and revised their engineering 
curricula accordingly. This is not en- 
tirely the fault of the schools. Part 
rests on the industry itself. On the 
other hand, any suggestions on how 
the engineering schools and the foun- 
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dry industry may codperate to their 
mutual advantage will receive atten 
tion and consideration. 

Any statement made here is not im 


‘tended to convey the idea that the 


foundry industry desires foundry prac 
tice, design and application of cas 
products to be taught in engineering 
schools to the exclusion of all other 
processes and materials. Each mate 
rial and process ultimately justifies its 
place in the industrial picture econom 
cally. However, the foundry industry 
does believe that its products and proe 
esses should be given the part in the 
curricula of engineering schools and 
colleges to which its place in the indus 
trial picture entitles it. 


ONE FIELD oF FouNDRY PROGRESS 


To accomplish the rapid strides made 
in the past few years, hundreds of 
thousands of dollars have been, and 
are being, spent annually on researdh 
in the foundry industry to improve the 
quality and control of its products 
Among the various lessons that hav 
been learned, and concerning which’ 
great deal of research is now being 
conducted, is that casting design is itt 
portant to production. 

In the past, foundrymen took great 
pride in the fact that they could pre 
duce almost any design. The fount 
ing of metals was an art. One fou 
dryman has stated that he spent his 
entire life defeating the laws of natuté 
However, during the past 10 or B 
years, foundrymen have begun to reak 
ize that, while ability to cast any par 
ticular design might be fine from th 
art standpoint, it certainly is mé 
from the cost, profit or quality stant 
points. As a result, foundrymen have 
given more consideration to the desigif. 
of castings and have emphasized tht 











need for codperation between the en- 
gineer, patternmaker and foundryman 
before numerous engineering groups 
and in the literature. 

The foundryman realizes that, as in 
ather processes, design should take 
into consideration the vagaries of the 
process. He also realizes that codp- 
eation between the engineer, pattern- 
maker and foundryman will, in the end, 
sult in a product that will not only 
srve its desired purpose best, but will 
sult in castings being produced in 
the most satisfactory manner at the 
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The previous statement does not 
mean that castings are necessarily a 
GRESS low-cost product, because cost is only 
15 made ative and is dependent upon which 
‘eds of pmthod of fabrication can produce the 
n, and lest article most economically, not 
esearch fully from the viewpoint of production 
ove the gt but from that of ultimate cost, 
oducts, qth must take into consideration life 
at hae of the part or assembly and its main- 
which 2 fenance under its conditions of use. 

y being Now, let us examine some of the 
+ is im (ONS as to why cooperation between 
te foundryman, patternmaker and en- 
k grea gneer are important in the design of 
1d pro astings. The author takes no credit 
founk fot originality in any of the statements 
Wteafter made. Any credit, should 
ont i there be any, belongs to the foundry- 
nature and engineers who have brought 
a this knowledge to light and have con- 
to ral Mibuted it to our store of knowledge. 
The writer has only attempted to co- 
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properties of the metals, both in the 
liquid and solid states, from which 
castings are made, and the methods 
and manufacture, a discussion of cast- 
ing design in a general manner is dif- 
ficult for several reasons. Among 
them is: (1) number of casting proc- 
esses used, (2) the large variety of 
metals cast and (3) variation in proc- 
esses of production. 

Castings are manufactured by one 
of four general processes, namely, in 
sand molds, permanent molds, dies or 
centrifugally. The sand and perma- 
nent mold methods involve the intro- 
duction of the metal into the casting 
by gravity. In die casting, the metal 
is cast under pressure. In centrifugal 
casting, use is made of centrifugal 
force but the metal is introduced into 
the mold by gravity. 


EVALUATION OF CASTING METHODS 


Each method has its limitations and 
applications. These methods may be 
listed, in order of their versatility, as 
follows: (1) sand, (2) permanent 
mold, (3) die casting, (4) centrifugal 
casting. They might be listed, in rela- 
tion to the number of metals cast by 
the process, in the following order: 
(1) sand, (2) centrifugal casting, (3) 
permanent mold, (4) die casting. In 
size of product possible by the process, 
they may be listed as follows: (1) 
sand, (2) centrifugal, (3) permanent 
mold, (4) die casting. In closeness of 
tolerances possible to be maintained, the 
methods may be listed as follows: (1) 
die casting, (2) permanent mold cast- 
ing with centrifugal and sand castings 
about equal. Considerable progress is 
being made in the sand casting process 
in maintaniing closer and closer toler- 
ances. In high repetitive jobs, ex- 
tremely small tolerances are maintained. 
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MELTING PROCESSES 


Cast iron may be melted in the 
cupola, air furnace, electric furnace, 


rotary, pulverized fuel-fired furnace or, . 


by the duplexing method. Steel may 
be melted in acid or basic open-hearth 
furnaces, acid or basic electric fur- 
naces, converter, crucible furnaces, or 
induction furnaces, or by the triplex- 
ing process. Malleable iron is melted 
in air furnaces, cupola or by the du- 
plexing process, the latter sometimes 
involving the use of electric furnace. 
Non-ferrous metals are melted in one 
of several type crucible furnaces, in 
the electric furnace or in the reverbera- 
tory furnace. 


METALS 


Metal used in casting manufacture 
include six general classes of gray iron 
based on strength, several types of 
chilled and white irons, over 70 types 
of alloy steels and many variations of 
plain carbon steels, at least three gen- 
eral types of malleable iron and seven 
general classes of non-ferrous alloys, 
within each of which there are several 
types. For example, the American 
Society for Testing Materials recog- 
nizes 23 classes of copper-base alloys, 
practically all of which are used in 
the manufacture of castings. 


CASTING PROCESSES 


Nothing has or will be said about 
the variations in the different casting 
processes and methods. However, it 
is sufficient to say that such variations 
exert an influence on the product. 

The previously mentioned points are 
given merely to indicate that the cast- 
ing of metals as a general subject is 
no easy task and to show that a gen- 
eral discussion of casting design is 
rather difficult. 
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Tue IpEAL CASTING 


From the general standpoint, the 
ideal casting is one which can be: (1) 
Poured easily in all its parts, (2) cast 
without the use of risers or with not 
more than one (depending on. the 
metal) located at the casting’s highes 
point in the mold, (3) poured in such 
a manner that the last fluid metal wil 
be in the riser and (4) cleaned with 
a minimum of difficulty. 

A wedge standing vertically with the 
area of greatest thickness topmost, has 
all the attributes of the big-end-up in 
got with a hot-top. Many are familiar 
with the huge amount of time, effort 
and money spent in the past and still 
being spent, in designing ingot molds 
for steel to secure greater yield ané 
proper distribution of the constituents 
of the metal through directional solid: 
fication of the metals cast into it 
This one point alone should be suff 
cient to impress the engineer with the 
importance of design in castings. Any 
foundryman would consider an ing 
a simple casting. The great advantage 
of the casting process is that by util 
ing it, metal can be placed where it 
wanted and a good result can be © 
cured, providing certain rules that gor 
ern the process are followed, partic 
larly the directional solidification of 
the metal. 


PREPRARATION OF DESIGN 





In the preparation of design, afteri 
has been conceived, it is advisable t 
make a sketch of the part, keeping 
mind the following general rules: 


1. Make the sections as nearly ul 
form in thickness as condition 
permit. 

2. Where section uniformity is 10 
feasible, make a transition 












light sections into heavy ones 
‘ gradually, never abrupt. 
int, the 3. Visualize the casting in the mold 


poe (1) and design it so that, as placed 
(2) cast in the mold, it will solidify regu- 
with not 


th larly and progressively from the 
= lowest to the highest point. 


i 4. Avoid designing castings so that 
: a pe heavy sections occur below 
a ‘4 lighter sections when the casting 
ce is in the mold, thus making ade- 
with quate feeding of heavy sections 


Ms difficult or impossible. 
host, 5. Design the casting so that it can 


d-up be poured easily in all of its 
familiar parts with a minimum number 
e, effort of risers or so that the risers, 
and still when required, are located at the 
at molds highest point in the mold and so 
ield and that the last fluid metal is con- 
stituents tained in the riser. 


al solidi 6. Use fillets at junctions, espe- 
into tt cially in inside corners, but avoid 


be suff: making them. so large as to pro- 
with the duce excessively heavy cross- 
8. Any sections at the junctions. A 
an ingot good rule to follow is that the 
vantage radius of the fillet should never 
oy utile be less than 80 per cent nor 
ere it 8 more than 120 per cent of the 
n be radius of the sections which it 
hat gov- intersects. 


partic-§ 7. Employ ribs where they help to 
ation of avoid warpage or are needed for 
extra stiffness and can be used 
to lower weight and still not 
GN interfere with the ready prep- 
aration of the mold. 





, after! : nee : 
‘cable t 8. Where intersecting ribs or junc- 
ae tions of members result in un- 
eping d : : 
io ue concentration of metal with 
resulting hot spots, consider the 
arly ul advisability of staggering, or, in 
yniditions the case of large castings, the 


use of simple cores at the inter- 
section to equalize cross-sections 
at the junctions. 


ty is mo 
ition ol 
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9. Avoid the use of deep pockets in 
designs, as such pockets gener- 
ally involve an undue increase 
in cleaning costs. 

10. Aim to make the casting as sim- 
ple a structure as conditions per- 
mit, investigating the possibility 
of using two or more separate 
castings, to be joined subse- 
quently if a one-piece casting is 
highly complex and gives prom- 
ise of lower overall cost if cast 
in parts. 

11. Avoid the use of as-cast dimen- 
sional tolerances which are closer 
than necessary. Make sure, in 
a conference with the producer, 
that such tolerances as are spec- 
ified can be met by the producing 
foundry. 

12. Where lettering and _ similar 
markings are required, see that 
they come on a face or surface 
of the casting parallel or nearly 
parallel with the mold parting 
and in such a position as to im- 
pose minimum restriction to 
metal flow and proper progres- 
sive solidification. Some A.S. 
T.M. specifications state, “The 
resistance of a sand mold to the 
erosive effect of inflowing metal 
is aided by smooth mold sur- 
faces. Cast identification marks 
are formed by making indenta- 
tions on the face of the mold. 
For the prevention of small de- 
fects caused by dislodged parti- 
cles of molding sand, there 
should be provided the minimum 
feasible number of cast identi- 
fication marks.” 

13. Avoid the use of metal inserts, 
if possible. Such inserts should 
be avoided, especially where fu- 
sion between the insert and the 
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casting is absolutely essential 
(unless it can be guaranteed by 
the producing foundry), or un- 


less the advantage gained is not . 


offset by greater difficulties in 
production than the proper in- 
sertion in casting would entail. 

14. When castings are exposed to 
view in the finished product, de- 
sign them with simple flowing 
lines and with exteriors as free 
from unnecessary projections as 
conditions permit. Such precau- 
tion will make them more sightly 
in appearance. 

15. Keep the size and weight of 
the casting and, hence the size 
of sections, as small as is con- 
sistent with adequate perform- 
ance of its function. 


CONFERENCE ON DESIGN 


The above are some preliminary 
rules which the engineer may make 
use of in preparing his drawing. The 
next step in the procedure should be 
a joint conference with the pattern- 
maker and foundryman to discuss the 
production procedure for the design. 
Constructive criticism of the design 
should be sought from the foundry- 
man and patternmaker and, where pos- 
sible, their suggestions on revisions to 
simplify the design with a view to- 
wards increasing the ease of produc- 
tion and, hence, decreasing production 
cost, be followed. 

At this same conference, the engi- 
neer should explain to the foundryman 
the conditions that the casting must 
meet, where it fits into the total as- 
sembly and what functions it must 
perform. Such information gives the 
foundryman knowledge he can use in 
offering suggestions to the designer. 
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CONSIDERATIONS IN PATTERN 
EQUIPMENT ( 


The patternmaker should be con. mal 
sulted concerning difficulties which may § ™ | 
arise in the preparation of the pattem § WH 
equipment, because type of pattem sur! 
equipment and its construction exert ™ 
an important influence on the produc shot 


tion cost of the part. asa 
fact 

Avoid Loose Pieces chin 

. . * caus 

The engineer should discuss with] whe 


the patternmaker and foundryman the§ yi) 
molding procedure with a view tof A; 
ward avoiding, for example, loos 
pieces in the pattern equipment. Loos 
pieces generally mean increased mold- 
ing cost. Such loose pieces should ke 
used only when the desired resulli§ ang 





















cannot be secured by some othe ihe ; 
method. it is | 
draft 
Pattern Parting Line be ma 
Another point of interest to the pat to do 
ternmaker is the parting line. Tw chine 
engineer should design his castings i 
such a manner that it is possible t 
use pattern equipment with a straigiif The 
parting line. Irregular parting lineg the nu 
generally increase cost because dphis des 


either one of two reasons. If the cas#iesign 
ings are to be made as a productidiatleas: 
job, involving many thousands, M@ings, tl 
sometimes is possible to utilize irregi—mold. 


lar parting lines by using special fi be 
equipment, but this involves additid an 
cost. It may be possible, by the Wijlarge ; 


of cores, to overcome this difficullijmlly r 
although again there is the increase Mit core 
cost due to core box equipment trease 
additional operations, such as bakiljion, m 
of the cores, inspection procedures aif mak: 
possibly jigs for setting the cores ili the . 
the molds, plus the operation of rease 
ting the cores themselves. a gor 








N Pattern Draft 


Of particular interest to the pattern- 
maker is the amount of draft allowable 


e coreg... ; 

ch may § his pattern. Draft is the taper 
patter which must be allowed on all vertical 
pattem surfaces of a pattern to permit its re- 


» exe moval from the mold. Engineers 
produc. should allow the use of as much draft 
as appearance of the casting and other 
factors, such as avoiding higher ma- 
chining costs or when too much draft 
causes metal concentrations at points 
ss withi where proper feeding is impossible, 
man the} will allow. 
iew t¢f Ample draft on a pattern means 
>, loos§ easier molding. Usually, about 2° 
. Loot draft is a minimum allowance. How- 
d molé§ ever, in certain castings where con- 
nould bef siderable experience has been obtained 
_ resulls§ and where thousands of castings of 
e othe the same design have been produced, 
it is sometimes possible to reduce the 
draft to about 1°. If the casting can 
be made by machine molding, it is best 
‘the pat to do it that way, as patterns for ma- 
thine molding require minimum draft. 





















ie. Th 
cn CorE CONSIDERATIONS 

sible t 

. straighif The engineer should be interested in 
ing line the number of cores to be required for 
‘ause omhisdesign. If at all possible, he should 
the catgiesign his casting in such a manner, 


roductiogatleast for small and medium size cast- 
sands, iitgs, that it leaves its own core in the 
re irregigmold. When this is not possible and 
acial fi boxes are necessary, he must look 
additie an increase in production cost. 
y the w@large numbers of dry sand cores gen- 
difficull§tally mean an increase in the number 
ncrease im core boxes, possibly dryers, which 
ment ail™iitreases the pattern cost and, in addi- 
as bakilgjion, means the additional operations 
dures making, baking and proper placing 
cores if the cores in the mold. The latter 
yn Of SMitreases molding cost. Therefore, it 
a good rule to design a casting in 
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such a manner that as few as possible 
cores are necessary. 


Core Support 


Another point which the engineer 
should remember is that allowance 
should be made for adequate support 
of the cores in the mold. This is espe- 
cially true in castings which must with- 
stand pressure. If at all possible, the 
design should minimize the use of 
chaplets for the support of cores. This 
is because it is difficult to secure proper 
fusion of the chaplet with the metal. 


Provide Clean-out Holes 


In cases where it is necessary to 
use interior cores, which are nearly or 
entirely surrounded by metal, provision 
should be allowed for venting the cores 
and for cleaning them out after the 
casting has been made. Clean-out 
holes sometimes can be allowed which 
afterwards may be plugged either by 
a machining operation or by welding. 


Use of Long, Thin Cores 


The engineer should also keep. in 
mind the ease with which the cores 
required in the casting can be removed. 
In structures where long thin cores are 
surrounded by heavy metal sections, it 
is extremely difficult to remove the 
cores from the casting. The difficulty 
is multiplied several times when the 
opening provided by the core is not 
straight. In such instances, the ferro- 
static pressure of the liquid metal often 
is so great as to force the metal be- 
tween the interstices of the sand grains 
in the core, thus creating a situation 
where the core becomes a mass of 
sand and metal. Under such condi- 
tions, naturally, cleaning costs will 
rise, sometimes entirely out of propor- 
tion to the remainder of the cost of 
the casting. 
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As previously stated, the above rules 
of design for castings are general and 
by. no means inflexible. They repre- 
sent a common sense approach, if 


taken into consideration by the de-’” 


signer, to minimize foundry difficulties 
in production, therefore, reducing cast- 
ing costs and improving the product. 
They do not deal with strength pos- 
sibilities in sections but they do some- 
what take into consideration stress 
distribution. For example, in the 
joining of sections, the reason for the 
use of adequate fillets is self-evident 
because it has been proved many times 
by photoelastic analysis that sharp 
corners are points of stress concen- 
tration. 


METALLURGICAL ProBLEMS Not 
DISCUSSED 


This discussion also has not dealt 
with the metallurgical phenomena in- 
volved for the various metals, as this 
is a field entirely different and time 
does not permit its discussion. The 
writer has definitely avoided the dis- 
cussion of gating and risering, as this 
is a worry of the foundryman, except 
for the fact to point out that design 
is very much tied in with the location 
of risers for the reason that hot spots 
in the casting must be fed with ade- 
quate metal to take care of the differ- 
ence in solidification rate between the 
hot spot and the normal sections. 


KNOWLEDGE OF FOUNDRY PROCEDURE 
HELPFUL 


From the above, it should be quite 
evident that the engineer should have 
some knowledge of foundry procedure. 
He cannot be expected to have an inti- 
mate knowledge. He should at least 
have as much knowledge of foundry 
procedure as he has of other processes, 
such as welding and stamping. In de- 
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signing parts to be made by these pro. 


cesses, the vagaries of them are 
taken into consideration. It is only 
fair that the foundry industry, being 
one of the largest basic industries in 
the United States, should have as much 
time given to it in the engineering cur. 
riculum as is required to give sufficient 
knowledge to the engineer concerning 
it. 


CONCLUSION 


In conclusion, the foundry industry 
acknowledges that the casting of metals 
is not the only method of metal fabri- 
cation. It also recognizes that cast 
metals are not the only engineering 
materials. The industry does, however, 
desire that its processes and that the 
design of its products be given the con 
sideration in the engineering currice 
lum to which its place in the industrial 
picture entitles it. It feels that this has 
not been altogether the case in the past. 
However, it does hope that the future 
will see change in the attitude of those 
responsible for the engineering cur 
ricula toward giving the foundry it 
dustry and its products what might h 
termed an “even break.” 

As previously mentioned, this cat 
be done by recognizing the fact, # 
some schools have, that the instruction 
in foundry courses no longer should ® 
of a manual training vocational type 





but should have an engineering basis; 
that foundry courses should be taught 
by instructors with an engineeritg 
background who occupy a position Of 
the faculty equal to instructors or pre 
fessors in other courses; and by recog 
nizing the fact that the work of th 
foundry teaching staff should be tied 
in with the work of those instructos 
teaching strength of materials, mechat 
ics, machine design and metallurgy. 
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“What is the engineering profession ; 
is it a profession at all?’”’ This query 
isgiven serious significance by the pro- 
fessional standing of the man who 
made it—Vannevar Bush. 

In presenting Dr. Bush for the 
A.I.E.E. Edison Medal a few weeks 
ago, Frank B. Jewett said of the one 
time professor and vice president of 
M.I.T., and later President of the 
Carnegie Institution of Washington, 
“As scientist, teacher, inventor, de- 
signer of powerful mathematical tools 
which have lightened the burden and 
expanded the possibilities of engineer- 
ing generally, and as a distinguished 
director of scientific research, he has 
earned for himself not only a_high 
place in the ranks of American scien- 
tists and engineers but likewise, and 
justly, the right to be the nation’s 
scientific leader in this time of great 
national danger. . . . I never cease to 
marvel at a man who in days filled 
with such turmoil (the turmoil of the 
directorship of scientific research and 
development in a nation at war) can 





fnd the time and, above all, the 
philosophical detachment needed to 
formulate a state paper like the recent 
letter to Senator Kilgore on the 
problem of technological mobiliza- 
tion.”” 

Five years ago Dr. Bush addressed 
the American Engineering Council on 
"The Qualities of a Profession.” 
After reviewing law and medicine and 
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What Is the Engineering Profession? 


By CHARLES F. SCOTT 
Emeritus Professor of Electrical Engineering, Yale University 


teaching and their common profes- 
sional elements he continued: 


“Our principal concern is the engi- 
neering profession and we inquire, 
what is the engineering profession; is it 
a profession at all; and if it is will it 
develop into the full stature to which 
the importance of its work entitles it 
toaspire? Itisrelatively young... . 
Applying science in an economic 
manner to the needs of mankind is its 
broad field. Its disciplines are spread 
over all the sciences as they become 
thus applied, and embrace also por- 
tions of economics, law and business 
practice which are integral parts in 
the process of application. It is 
somewhat loosely organized as pro- 
fessions go . . . there is no body of 
codified principles which is accepted 
and applied by the profession as a 
whole. If there is nocentral organiza- 
tion which has as its creed the best 
service of the profession to the society 
of which it forms a part, then there 
will be in the end no engineering 
profession. . . . 

“Out of this trend . . . should 
emerge a new profession with its own 
traditions and beliefs which is capable 
of managing prosperity so that it will 
be conducive to the health of a nation. 
. . . The impact of science is making 
a new world and the engineer is in 
the forefront of the remaking. .. . 
Certainly there never was a profession | 
that more truly needed the profes- 
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sional spirit if the welfare of man is to 
be preserved.” 

Elsewhere Dr. Bush commented on 
the engineer: ‘‘What renders a man a 
member of his professional group? It 
is much more than the possession of 
special knowledge. The distinguish- 
ing characteristic is the possession of a 
philosophy and a point of view. The 
true criterion lies in the basis of 
motivation of the individual.” It was 
with profound understanding and 
clear vision that Dr. Bush asked, Is 
Engineering a Profession? 

But how is our engineering profes- 
sion to develop into the full stature to 
which it is entitled to aspire? Each 
year S.P.E.E. has a new leader, ex- 
perienced in science and engineering, 
in industry and education, and this 
year a leader experienced also in deal- 
ing with engineering organizations 
through chairmanship of E.C.P.D.— 
dedicated to “‘the enhancement of the 
professional status of the engineer” 
through “‘greater effectivenesd in deal- 
ing with technical, social and eco- 
nomic problems." President Doherty 
has “fa philosophy and a point of 
view.” In his initial keynote letter 
to each Society member, he asks that 
teachers take ‘‘a stronger part in 
building the engineering profession” 
as he finds “the engineering teacher 
to be in the key position. His re- 
sponsibilities are very great... if 
the engineering profession is to come 
into its own with a new understanding 
of its inevitable responsibility to so- 
ciety, the engineering teacher must 
bring it there.”’ 


‘ engineering as a profession. 


WHAT IS THE ENGINEERING PROFESSION? 


S.P.E.E., on recommendation of 
Robert E. Doherty, D. B. Prentice 
and C. C. Williams (its representatives 
on E.C.P.D.) is now concerned with 
The new 
activity is sponsored by Ivan C, 
Crawford, General Chairman of Co- 
ordinate Committees in Personal De- 
velopment, who is cooperating with 
E.C.P.D.’S Committee on Profes. 
sional Recognition of which the writer 
is Chairman. Dean Crawford in 
THE JOURNAL OF ENGINEERING EbDv- 
CATION, January and October 1943 
issues, recognized the importance of 
the project to the engineering profes- 
sion and proposes a study of “the 
methods employed by the colleges to 
develop an understanding and interest 
in those phases of engineering which 
supplement the technical.’”’ He also 
emphasizes the viewpoint that the 
professional aspects of engineering 
“should be brought into all courses 
incidentally by the instructor.” He 
is further endeavoring to inform and 
interest engineering teachers in the 
“inevitable responsibility.” 

In discussing ways and means W. 
E. Wickenden recently suggested that 
each teacher picture to himself what a 
unified,and professional motivated en- 
gineering profession might accomplish 
as compared with its present diversi- 
fied units. 

Surely if the teacher realizes the 
practical significance of Dr. Bush's 
professional goal, he will imbue his 
students with ideals and inspiration. 
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University of Colorado.—Dean Her- 
bert S. Evans retired on November 1, 
and was succeeded by Professor 
Clarence L. Eckel. Dean Evans has 
been with the University for thirty- 
eight years, coming to the University 
of Colorado in 1905 as Head of the 
Electrical Engineering Department. 
He became Dean of the College in 
1919. He has been especially inter- 
ested in engineering education and has 
been a member of the Committee for 
accrediting engineering schools. He 
was Vice-President of the American 
Institute of Electrical Engineers in 
1931 and President of the Society for 
the Promotion of Engineering Educa- 
tion in 1932. In his twenty-four 
years as dean, the College has in- 
creased from 475 to 1060 students. 
Though Dean Evans was officially re- 
tired, he was immediately ‘‘drafted” 
for war work by the University to help 
with teaching in the Navy V-12 and 
the Marine M-3 curricula. 

Professor Clarence L. Eckel joined 
the faculty of the University in 1914 
and became Head of the Department 
of Civil Engineering in 1926. Besides 
his work in education, Dean Eckel has 
had considerable experience in the 
practice of his profession, for during 
his “‘academic vacations’ he has 


worked for a number of engineering 
He also shared the re- 


companies. 
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sponsibility for the design of many of 
the University buildings in its two- 
million-dollar expansion program pre- 
ceding the war. 

Professor Warren Raeder has been 
appointed Head of the Department of 
Civil Engineering. He came to the 
University in 1926. Recently he has 
been in charge of the E.S.M.W.T. 
program for the University, which has 
trained about 5000 men and women. 
Last month he was elected President 
of the Colorado section of the A.S.C.E. 
for 1944. 

L. B. Sutherland, professor of civil 
and architectural engineering at the 
University for twelve years, has left 
the staff to take a position with the 
C. F. Braun Manufacturing Company 
in Alhambra, California. He will 
direct research for the company, which 
manufactures and designs equipment 
for oil refining. Professor Leo Cran- 
dall has been appointed to fill the 
vacancy left by him. 

John M. Cage, associate professor of 
electrical engineering, who came to the 
University in 1939, has accepted a 
position as head of the electronics 
section of the controller division of the 
Allis-Chalmers Corporation in Mil- 
waukee. His work will be entirely in 
war projects and will deal with the 
designing and manufacturing of equip- 
ment in the field of electronics. 











The ninth annual meeting of the 
Allegheny Section of the Society was 
held at the University of Pittsburgh 
on Monday, November 29, 1943. 
Sixty-seven registered. 

At the afternoon meeting, presided 
over by Professor Frank H. Stiening, 
head of the Mechanical Engineering 
Department, University of Pittsburgh, 
Chairman of the Allegheny Section; 
Dean E. A. Holbrook, School of Engi- 
neering and Mines, welcomed the 
members and guests to the University. 

The minutes of the Eighth annual 
meeting of the Allegheny Section held 
at the West Virginia University, Oc- 
tober 16, 17, 1942, were read and 
approved. 

The nominating committee pre- 
sented the following names for officers 
for 1943-1944. These officers were 
unanimously elected: 


Chairman, George A. Irland, Prof. 
of Electrical Engineering, Buck- 
nell University. 

Vice-Chairman, Douglas F. Miner, 
Westinghouse, Prof. of Engineer- 
ing, Carnegie Institute of Tech- 
nology. 

Secretary, H. A. Shaffer, Asst. Prof. 
of Electrical Engineering and 
Drawing, Bucknell University. 

Frank H. Stiening, Member of 
the National Nominating Com- 
mittee, 1944. 


An invitation was received from 
Bucknell University to hold the 10th 
annual meeting at that University 
in 1944. The invitation was unani- 
mously and gratefully accepted. 





Sections and Branches 


At 4:00 P.M. 


the members ad- 
journed from the general business 
meeting to attend one of four informal 


conferences on A.S.T. 


follows: 


courses 4ag§ 


1. Advanced Civil Engineering, L. 
C. McCandliss, Chairman. 

2. Advanced Electrical Engineer- 
ing, H. E. Dyche, Chairman. 

3. Advanced Mechanical Engineer- 
ing, J. A. Dent, Chatrman. 

4. Basic Engineering Subjects, Wal- 
ter Turkes, Chairman. 


The group (67 in number) reassem- 
bled for an informal dinner meeting 
at 7:00 P.M. at the University Club, 
Pittsburgh, Pa. Chairman, F. H. 
Stiening presided. Robert E. Do 
herty, President of the S.P.E.E, 
President, Carnegie Institute of Tech- 
nology, spoke on the “Engineering 
Colleges and the Army Specialized 
Training Program.” A _ condensed 
version of President Doherty’s address 
follows: 


To speak to this group about details 
of the actual working of the Army 
Specialized training program would 
be carrying coals to Newcastle, sine 
most of you know more about the 
classroom problems presented by the 
Program than I do. I will say, how 
ever, that the Program has now 
reached full development and ha 
attained a reasonably stable condition 
There are about 140,000 trainees, and 
the monthly turnover is some 10,000 
to 15,000. Of course, changing wat 
demands may require changes in these 
numbers. 
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] happen to have two general con- 
nections with A.S.T.P. I am a mem- 
ber of the Advisory Committee to the 
Army Specialized Training Division 
and also Chairman of the S.P.E.E. 
Committee on the Army Specialized 
Training Program and the Navy Col- 
lege Training Program. I wish to 
speak briefly concerning the activities 
of these Committees and comment 
upon the effect of A.S.T.P. on engi- 
neering colleges. 

The Advisory Committee, which re- 
ports to General Walter L. Weible, 
Director of Military Training, General 
Staff, has the following Personnel: 


lsaiah Bowman, President, Johns 
Hopkins University. 

K. T. Compton, President, Massa- 
chusetts Institute of Technology. 
Robert E. Doherty, President, Car- 

negie Institute of Technology. 

Clarence A. Dykstra, President, Uni- 
versity of Wisconsin. 

Guy Stanton Ford, Secretary, Ameri- 
can Historical Association. 

The Very Reverend Robert I. Gan- 
non, President, Fordham Univer- 
sity, 

Ralph D. Hetzel, President, Pennsyl- 
vania State College. 

Felix Morley, President, Haverford 
College. 

John J. Tigert, President, University 
of Florida. 

Ray Lyman Wilbur, Chancellor, Stan- 
ford University. 


It was organized in January, 1943, 
When plans for A.S.T.P. were being 
formulated, and thus it was in posi- 
tion to offer.counsel from almost 
the very beginning. The Committee 
holds quarterly meetings in Washing- 
ttn with General Weible, Colonel 
Herman Beukema, Director of the 
AS.T. Division, Lieutenant Colonel 
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Theodore Palmer, Deputy Director, 
and other staff officers, the most re- 
cent meeting having occurred on No- 
vember 15 and 16. The subjects 
discussed include curricula, contracts, 
and certain matters of policy such as 
participation in athletics, administra- 
tive relationship between military and 
educational officers, publicity, etc. 
This Advisory Committee, of course, 
has no formal connection with S.P.E.E. 

The S.P.E.E. Committee on A.S.- 
T.P. and N.C.T.P. was appointed at 
the annual meeting of the Society in 
June at Chicago. The personnel of the 
Committee of which I happen to be 
Chairman, is as follows: 


F. L. Bishop, Secretary, S.P.E.E. 
F. M. Dawson, State University of 


Iowa. 
Gibb Gilchrist, Texas A. & M. Col- 


lege. 

H. P. Hammond, Pennsylvania State 
College. 

Charles E. MacQuigg, Ohio State 
University. 


A. A. Potter, Purdue University. 

Donald B. Prentice, Rose Polytechnic 
Institute. 

Thorndike Saville, New York Uni- 
versity. 

B. M. Woods, University of Cali- 
fornia. 


By request of Dean Joseph W. 
Barker, who as Special Assistant to 
the Secretary of the Navy is in charge 
of the N.C.T.P., the President of 
S.P.E.E. is a member of the Naval 
Advisory Educational Council and 
transmits to Dean Barker any recom- 
mendations of the S.P.E.E. Com- 
mittee concerning the Navy Program. 

As regards A.S.T.P., the Chairman 
of the S.P.E.E. Committee reports to 
Colonel Beukema, and through the 
Chairman the Committee cooperates 
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with the staff of the A.S.T. Division 
concerning improvements in the engi- 
neering phase of the Program. The 
Division has three branches, as fol- 


lows: Facilities, with Colonel Blake’ ~ 


R. Van Leer as Chief; Curricula and 
Standards, with Dr. Arthur L. H. 
Rubin as Chief; and Operations, with 
Colonel Stuart McLeod as Chief. 
The S.P.E.E. Committee is most 
closely associated with the Engineer- 
ing Section of the Curricula and 
Standards Branch. Lieutenant Colo- 
nel Fred H. Pumphrey, Chief of the 
Engineering Section, has four com- 
petent assistants, all of whom are 
former faculty members of engineer- 
ing colleges. One of them is well 
known to most of you—Major Doug- 
las F. Miner, on leave from the faculty 
of Carnegie Institute of Technology. 
To date the S.P.E.E. committee has 
concerned itself with such matters as 
the revision of course outlines, the 
question of examinations, improve- 
ments in screening, the question of 
whether sufficient study time is avail- 
able, and problems connected with 
negotiation of contracts. It has made 
aspot check on the question of whether 
the Program is too heavy in view of 
the limited time available. And more 
recently it has been very much in- 
terested in the morale of the trainees, 
concerning which unfavorable reports 
have been received from some cam- 
puses. One important reason for low 
morale is the unavoidable changes 
occurring in Army demands for spe- 
cialized personnel. The trainees were 
originally given the impression that 
the Program was largely one of officer 
procurement, and hence they were 
naturally disappointed when oppor- 
tunities for entrance into the Officer 
Candidate Schools were drastically 
reduced. It is our obligation, how- 
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ever, to help them to realize that 
though the demand for additional 
officers is now slight, this situation 
may change; and furthermore, that ip 
any event the studies which the trainee 
is now following are improving his 
chances for advancement in the Army 
if he makes good, no matter what 
assignment he may be given initially, 
Another harmful influence upon mo 
rale is unguarded remarks that ar 
reported to have been made by some 
instructors here and there in the 
Program. |! feel confident that ther 
are very few among us who would 
deliberately create any lack of conf 
dence on the part of the trainee, and 
I know that on the contrary we shall 
all wish to use every opportunity 
help the trainees maintain enthusiasm 
for their work and to convince them 
of its importance. 


It is probably in order to say a few 
words about the effects of A.S.T.P 


upon engineering colleges. More than 
ever, the military programs are focus 
ing attention upon the importance d 
setting up clear objectives in any edu 
cational program and testing the stu. 
dents to determine whether such ob 
jectives have been achieved. I was 
much interested in what General Kut 
said at the Chicago meeting of the 
S.P.E.E. In regard to the objective 
of the training program in Ordnane. 
He likened them to a target in the 
center of which is a bull’s eye, called 
“must know,”’ surrounded by a circ 
labeled ‘‘should know,”’ which in tum 
is surrounded by a circle ‘nice @ 
know.” The A.S.T.P. is being force 
to a similar concentration upon what 
the trainees must know, as differett 
from what it would be nice for them 
to know. Because the objectives @ 
the Program were none too cl 


stated at the outset, an attempt wa fered 
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made to cover far more ground than 
could possibly be covered adequately 
in the time allotted, and the result 
has been a superficiality of treatment 
which is highly undesirable. Accord- 
ingly, course Outlines are now under- 
going careful revision. It is going to 
be increasingly necessary for engineer- 
ing educators to devote attention to 
the same end in connection with the 
peacetime curricula. As you know, 
there is a S.P.E.E. Committee on 
Engineering Education after the War 
under the chairmanship of Dean H. P. 
Hammond of the Pennsylvania State 
College. This Committee has been 
yery active, and I anticipate far- 
reaching and highly significant results 
from its study. 

In conclusion, let me assure you 
that the officers of S.P.E.E. are doing 
their best to help in making A.S.T.P. 
fective by bringing to bear on the 
‘problems of the Program the experi- 
ence and point of view of the people 
who are actually doing the job on the 
campus. 

R. C. GorHAM, 
Secretary 


Civil Engineering Division, Chair- 
man L. S. LeTellier presided at the 
Meeting on June 19, with 75 in at- 


tndance. Lt. Col. Humphrey, War 
Department, spoke. on “The Army’s 
Specialized Training Program in Civil 
Engineering.’”’ Ray Paustian showed 
acolored movie of the manipulation, 
disassembly and adjustment of an 
Engineers Level. R.B. Wiley, Chair- 
Man of the A.S.C.E.’s Committee on 
Engineering Education, reported con- 
eming proposed cooperation between 
his Committee and this Division on 
the subject of educating civil engi- 
fers. S. T. Carpenter in reply 
ifiered many pertinent questions and 
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urged that an immediate factual study 
be made. After full discussion it was 
moved that this problem be left to the 
Executive Committee of the Division, 
with power to take appropriate action. 

The offer of W. L. Malcolm to 
mimeograph for distribution to the C. 
E. Division copies of the reports of 
Professors Wiley and Carpenter was 
accepted. 

Reports were received from Chair- 
man E. W. Carlton of the Committee 
on Surveying and Geodesy, and from 
Chairman H. E. Pulver of the Com- 
mittee on Construction Engineering 
Education. 

J. S. Dodds, as Chairman of the 
Nominating Committee, presented the 
following nominations for 1943-44: 


Chairman, D. S. Trowbridge, New 
York University. 

Editor, H. E. Pulver, University of 
Wisconsin. 


New Members to serve until July 
1946. 
Secretary, H. M. Dibert, W. & L. E. 
Gurley, M. I. Evinger, University 
of Nebraska. 


Upon motion the nominations were ac- 
cepted and the men declared elected. 

At a meeting of the Executive Com- 
mittee on June 20, 1943 the following 
resolution was adopted: 


RESOLVED, that the offer of coopera- 
tion of the American Society of Civil 
Engineers, as embraced in certain resolu- 
tions of its Board of Directors, and as 
presented to the Division by the Com- 
mittee on Engineering Education of 
A.S.C.E. on June 19, 1943, is hereby ac- 
cepted; and that the Executive Com- 
mittee of the C. E. Division is hereby 
authorized to appoint a Committee to 
confer with the Committee on Engineer- 
ing Education of the A.S.C.E. for the 
purpose of preparing a plan of coopera- 
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tion; and that this Committee report to 


the Executive Committee as soon as may . 


be practical its proposed plan of coopera- 
tion, for consideration and appropriate 
action by the Executive Committee. 


The Michigan College of Mining 
and Technology Branch of the Society 
was organized November 26, 1943, 
at Houghton. The following were 
elected officers: Chairman, L. A. Rose, 
department of languages; Vice-Chair- 
man, F. L. Partlo, associate professor 
of mathematics and physics and aca- 
demic coordinator of Army programs; 
Secretary, Chester Russell, associate 
professor of electrical engineering and 
acting head of the department. In 
accordance with the provisions of the 
brief constitution then adopted, these 
officers named the following commit- 
tees: membership—C. T. Eddy and C. 
H. Baxter; program—W. A. Longacre, 
George Machwart, and Ella Wood; 
post-war plans—A. P. Young, H. L. 
Coles, F. L. Partlo, and F. H. Hansel- 
mann. The last-named committee 
works closely with the college’s com- 
mittee on post-war education and 
placement. 

The first regular meeting, after news 
was received January 10 of the ac- 
ceptance of the Branch by the Society, 
was held on January 20, with 29 mem- 
bers and guests present. Professor 
Partlo, the main speaker, discussed 
“Post-War Academic Problems.” 
Professor Young reported on the pro- 
jects undertaken by his committee and 
offered certain recommendations. An 
hour’s enthusiastic open-forum dis- 
cussion concluded the meeting. 

The occasion for a brief special 
meeting on February 1 was the resig- 
nation of Professor Russell as secre- 
tary. The Branch passed a resolution 
of regret, and elected Professor Long- 
acre to the office. 
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‘1899, who will explain the relationship 


The next regular meeting is tenta 
tively scheduled for March 7. Oneof 
the speakers will be Dean James 
Fisher, a member of the Society singe 


of the E.C.P.D. and the S.P.E.E. 


The Winter Meeting of the Middle 
Atlantic Section, S.P.E.E., was held 
on Saturday, December 4, 1943 at 
Manhattan College, New York City, 
The total attendance of the meeting 
was 130, which included 119 men and 
1iwomen. Registration for the meet 
ing took place at 11:00 a.m. and was 
followed by a general social hour and 
inspection of the campus and buildings, 
Luncheon was served in the dining 
rooms of the College at 12:30 p.m. 

Chairman of the Section, Hale 
Sutherland, Lehigh University, pre 
sided, and introduced Brother A 
Victor, President of Manhattan Col 
lege, who extended a very gracious 
welcome to the Section and hoped that 
our visit to the College would be 
both interesting and profitable. He 
stressed the importance of various 
meetings dealing with engineering edu 
cation, particularly in these times d 
great changes. He pointed out the 
importance of social and economit 
problems in our engineering world and 
emphasized the fact that the engineer 
of the future must take a larger and 
larger place in social and economit 
fields. He urged the extreme im 
portance of humanistic studies in olf 
scientific curricula. He advocated4 
well planned educational program 
which would include the regular fout 
year basic college work and in addition 
a carefully planned postgraduate pre 
gram. He stressed the importanced 
this postgraduate program in which@ 
chance is given for the young engr 
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neers to specialize in various fields of 
engineering and human relations. 

The minutes of the Spring Meeting 
held in May 1943 were approved as 
published in the S.P.E.E. JouRNAL. 
The Treasurer reported a balance of 
$292.44 on hand as of December 4, 
1943. At the May meeting of the 
Section a Nominating Committee was 
appointed to present candidates for 
the officers for the year 1944. The 
Chairman of this Committee, Dean 
Stanley Morehouse of Villanova, pre- 
gnted the following candidates for 
office: Chairman—J. Harland Billings, 
Drexel Institute of Technology; Vice- 
Chairman—J. Stephen Tracy, College 
of the City of New York; Secretary- 
Treasurer—Frank D. Carvin, Newark 
College of Engineering. There being 
no further nominations for officers, the 
above slate was declared elected as 
officers for the year 1944. 

Following the Business Meeting of 
the Section, papers on the general 
topic of education in engineering were 
presented. The first paper on the 
subject ‘‘Education in Engineering for 
Public Service”’ was presented by the 
Honorable Arthur V. Sheridan, Com- 
missioner of Public Works, Borough of 
the Bronx, New York City. 

The general subject matter of Dr. 
Sheridan’s paper dealt with the in- 
easing importance of engineering in 
our social life and particularly in its 
telations to publicservice. Heclaimed 
that the engineer is becoming more 
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and more the least dispensable servant 
in society. If our educational pro- 
gram is real, it should provide a better 
society; it should tend to prevent 
wars; and should make men good as 
well as fit for their jobs. Education 
should not be a means of independ- 
éice, but rather it should stress man’s 
dependence on society. He stressed 
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the fact that we should discourage the 
tendency to specialize in our under- 
graduate curriculum. This curricu- 
lum should be kept extremely basic 
and have a well drawn balance be- 
tween scientific and humanistic sub- 
jects. The engineer must be an 
administrator of society and must de- 
velop leadership in order to prevent a 
misuse of science. He claimed that 
the great destruction in modern war- 
fare is directly a misuse of science and 
stressed the fact that in our future 
world we must begin to lead in order 
to prevent a reoccurrence of these 
things. 

In his paper he anticipated an in- 
creasing amount of regulations on our 
daily activities by the Government. 
He claimed that we are rapidly ap- 
proaching a socialized state. We 
should recognize this fact, and the 
engineer should take his place in this 
development. If he doesn’t, the de- 
velopment will go on anyway and will 
be definitely under the direction of 
non-engineering people. In particu- 
lar, problems in public service demand 
accurate technical knowledge, but 
they also demand a definite humanistic 
viewpoint. Work for public service 
definitely requires a philosophical, 
legal, social and technical background. 

As a means of accomplishing this 
program, Dr. Sheridan suggested th 
following procedure: 


“A step toward the accomplishment of 
the ends referred to might be found in the 
following educational program: A basic 
course—consisting of a thorough training 
in mathematics, the pure and applied 
sciences, fundamentals of engineering 
theory applicable to all branches of engi- 
neering and selected studies in the hu- 
manities—leading to the degree of Bache- 
lor of Engineering. This would enable 
the graduate of such basic course to seek 
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immediate employment in technical and 
other fields of activity where educational, 
but not professional, backgrounds are 
essential. For those seeking professional 


status, additional scholastic study cover- , 


ing the specific application of science and 
engineering principles to various forms 
and types of engineering, together with 
further investigation of the humanities, 
including special reference to adminis- 
trative law and to codes of ethics and 
practice involved in the work of a pro- 
fessional practitioner, or the equivalent 
experience and knowledge, might be a 
minimum requirement for the designation 
of Civil or Professional Engineer to be 
acquired through state examination and 
registration. This would approximate an 
internship or apprenticeship of perhaps 
two years. Further professional post- 
graduate study or experience in selected 
engineering work could then be required 
for specialist designations such as me- 
chanical or electrical engineer or perhaps 
a doctorate in these subjects.” 


Dwayne Orton, Director of Educa- 
tion, International Business Machines 
Corporation, Endicott, New York 
spoke on ‘‘Education in Engineering 
for Industry.” 

Starting with a definition of science 
as man’s conquest of natural resources, 
Dr. Orton stressed the need of a defi- 
nite balance in education between 
scientific knowledge and a knowledge 
of human relation problems. He 
stated that no class or section can live 
within itself alone, but must coordi- 
nate its special interest with the 
general interest of the group. In- 
dustry must think in terms of the over- 
all needs of a people and not in terms 
of special interest. He pointed out 


the social implications incident to 
ownership of industry. 

In regards to engineering in industry 
he stated that engineering is the heart 
of industry, while education is its life 


blood. 





SECTIONS AND BRANCHES 


In planning educational curricula of 
the future we must definitely balance 
our professional with humanistic sub- 
jects. He seemed to think that in 


‘general a two year program covering 


general education followed by a two 
year program of basic professional 
work should serve as our basic college 
training leading toa Bachelor’s degree, 
At the end of this period industry and 
public works must take a direct inter- 
est in the future professional de 
velopment of the engineering gradu- 
ate. This should be done through 
postgraduate training both in industry 
and in college—the training being 
handled in the place best fitted for the 
particular conduct of the program in 
question. This would require a very 
close tie-up between industry and our 
colleges. 

The general trend of the papers of 
the various speakers of the afternoon 
dealt definitely with the balance be- 
tween scientific engineering training 
and humanistic training. Following 
the formal presentation of the papers, 
a discussion period of over an hour 
developed. As in many previous 
meetings, the main topic of our dis 
cussion was the time element in- 
volved. Most educators are definitely 
troubled with the problem of adding 
more and more humanistic subjects to 
our already overcrowded curricula. 
Considerable discussion hinged upon 
the relative merits of the four year 
program as against five and six yeaf 
programs. It was generally agreed 
that in the basic four year program 
very little can be done to increase the 
humanistic character of the curricula. 
It was felt that the program now given 
has a fair balance between scientific 
and humanistic subjects. The com 
sensus of opinion seemed to be that 
additional subjects in the humanisti¢ 
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phases of society as well as advanced 
scientific studies should be the proper 
function of the graduate school. 

The afternoon session adjourned at 
about 4 p.m. and dinner was served 
on the campus at 5:30 p.m. After 
partaking of a delicious dinner, the 
membership was treated to an excel- 
lent and well delivered address by 
Brother C. Edward, Vice-President of 
Manhattan College. 

Brother Edward in general spoke of 
the engineer asa man. In his talk he 
stressed the importance of education 
in engineering to consider the welfare 
and the management of the men as 
well as their scientific activities. He 
pleaded for the development of the 
student as a whole and not simply his 
intellectual development. He claimed 
that a pure intellect is a monstrosity. 
He criticized our so-called code of 
ethics as a classification of man’s vices 
instead of a code to develop his moral 
responsibilities. He pleaded for real 
culture in education and not that 
type of culture we find as ‘‘what the 
butcher would have if he were a 
surgeon.” 

Brother Edward’s talk was very 
well received and was an exceedingly 
fitting conclusion to a very pleasant 
day spent at Manhattan College. 

In closing the meeting Chairman 
Sutherland expressed the thanks of 
the Section to the officers of Man- 
hattan College and to the Committee 
on Arrangements headed by Brother 
A. Leo for their excellent hospitality. 
The meeting adjourned at 8 p.m. 

FRANK D. CARVIN, 
Secretary 

The next meeting of this Section 
will be at the Radio Corporation of 
America, Camden, N. J., probably on 
May 6, 1944, 
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The Physics conferences were held 
jointly with the American Association 
of Physics Teachers. Many national 
officers and members of the Associa- 
tion attended the conferences and 
contributed to the program. The 
physics program opened on the morn- 
ing of Friday, June 18, with a confer- 
ence on ‘Curricula Leading to Degrees 
in Engineering Physics,” including the 
following papers: ‘‘The Curriculum in 
Engineering Physics at the University 
of Maine,”’ C. E. Bennett, University 
of Maine; ‘Growth and Changes in 
the Engineering Physics Curriculum 
at the University of IIlinois,’’ P. G. 
Kruger; ‘‘Requirements of Industrial 
Physicists,” G. E. Ziegler, Armour 
Research Foundation. The papers 
acquainted the audience with features 
of the organization of this compara- 
tively new type of engineering curricu- 
lum, the students it has attracted, and 
the demands of industry for the type 
of training it affords. In the dis- 
cussion of this conference H. L. Dodge, 
University of Oklahoma (on leave), 
presented a resolution adopted by the 
War Policy Committee of the Ameri- 
can Institute of Physics, of which he is 
a member, urging cooperation be- 
tween the American Association of 
Physics Teachers and the S.P.E.E. in 
approaching the problem of the de- 
velopment of engineering physics as a 
recognized curriculum in engineering 
colleges. 

The second physics conference held 
Friday evening assumed the form of a 
symposium on the question : ‘‘How can 
the Engineering Physics Course Best 
Serve the Engineer?” Representa- 
tive points of view were presented as 
follows: for Physics, by J. W. Woodrow 
of Iowa State College; for Civil Engi- 
neering, by W. C. Huntington, Uni- 
versity of Illinois; for Electrical Engi- 
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neering, by T. J. Higgins, Illinois 
Institute of Technology; for Mechan- 
ical Engineering, by M. F. Spotts, 
Northwestern University. 
cluding paper in the symposium, by 
G. P. Brewington of the Lawrence 
Institute of Technology, was entitled 
“Methods Found to be Applicable in 
Increasing the Efficiency of Learning 
in Sophomore Physics.’”’ This pro- 
gram stimulated a long and profitable 
discussion. 

Saturday noon the physicists packed 
a private dining room of the Lawson 
Y.M.C.A. to hear L. W. Taylor, 
President of A.A.P.T., talk on ‘‘ Physics 
Teachers and the War.” 

The speakers for the third confer- 
ence, held Saturday afternoon, were 
all members of the War Policy Com- 
mittee of the American Institute of 
Physics. Their program consisted of 
the following papers: ‘‘The Work of 
the War Policy Committee of the 
American Institute of Physics,” by 
P. E. Klopsteg of the Central Scien- 
tific Company of Chicago; ‘‘Contribu- 
tions to the Training Programs of the 
Armed Services. Post-War Planning 
for Physics,” by R. C. Gibbs of 
Cornell University; ‘‘The Physics War 
Front in Washington,” by H. L. 
Dodge, Director of the Office of Sci- 
entific Personnel, National Research 
Council. This group of papers was 
concluded with a discussion by K. T. 
Compton in which Dr. Compton in- 
cluded some observations he made on 
a recent trip to England. Following 
the papers, the members of the War 
Policy Committee, including H. A. 
Barton, sat as a round table to dis- 
cuss problems of physics war policy 
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and post-war policy at the request of 
those in attendance at the conference 
The tenor of the entire program was 
dominated by the evidence of the in. 
creasing premium on working knowk 
edge of physical principles and of the 
distressing shortage of manpower ip 
physics. A renewal of the discussion 
of curricula in engineering physics, 
the subject of the first conference, 
resulted in the appointment of com 
mittees in both organizations to study 
the problem. (Minutes of Cound 
Meetings, June 18-20, 1943, JouRNAL 
OF ENGINEERING EDUCATION, Vol. 34 
No. 1, Pp. 15.) 

A group of papers concerned wit 
“Physics for the Armed Services, 
presented Sunday morning, comprised 
the final conference. The papers, re 
plete with new suggestions, were the 
following: ‘‘Physics for Naval Avia 
tion Cadets,”” by L. I. Bockstahler a 
Northwestern University; ‘‘The W,; 
Training Program in Meteorology,) 
by H. R. Byers of the University af 
Chicago; ‘‘The Science Program in th 
Secondary Schools: Its Importance iff 
the War Effort and the Post-War 
Adjustment Period,” by K. La 
Horovitz of Purdue University.* 

The success of the conferences is f 
be attributed in no small part to th 
efforts of C. J. Overbeck, Secretary 4 
the American Association of Physié 
Teachers, and P. L. Copeland 
charge of local arrangements. 
James G. POTTER, 

Chairman 


* “Problems of a Signal Corps War Training 
Program in Communications,” by P. 
Andres of Illinois Institute of Technology. 
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Necrology 


Joseph F. Oesterle, a member of the 
department of Mining and Metallurgy 
at the University of Wisconsin died 
Friday, December 17th at the age of 
5Syears. He had been ill only a short 
time and his death is keenly felt by his 
many friends and close associates. 
Professor Oesterle was born in Phila- 
delphia in 1888 and secured his early 
education in that city. In 1913 he 
received the degree of B.S. from the 
University of Wisconsin. He served 
as a metallurgist with the Pennsy]l- 
yania railroad until 1916 and then 
went to Gary, Indiana, as a metal- 
lurgist for the Illinois Steel Company. 
In 1918 he enlisted in the armed serv- 
iteofhiscountry. After his discharge 


“Bhe served as Associate Physicist in the 


#8 Division. 


Bureau of Standards, Metallurgical 
In 1921 he returned to the 


ng department of Mining and Metallurgy 
of the University of Wisconsin, where 
Me carried out extensive investigative 
@work on the viscosity and sulphur 


peslubility of blast furnace slags. 


Sev- 


eecral publications of the above work 
fmWwere made by the A.I.M.E. He re- 
iggctived the degree of Ph.D. in metal- 


in 1929. He rose from the rank 


of Asst. Professor through Associate 


rman 


r Training 


yy P. 
nology. 


Professor to full Professor and in 1940 
$ appointed chairman of the de- 


partment of Mining and Metallurgy 
at the University. 

In 1922 he married Helen Shaeffer 
at Altoona, Pennsylvania. He is sur- 
vived by his wife and five children; 
David, Joseph, Ellen, John, and Mary 
Frances. 

Professor Oesterle was a tireless 
worker. He wasassociated with many 
of the national professional societies 
and belonged to the following: Ameri- 
can Society of Metals, American Insti- 
tute of Mining and Metallurgical 
Engineers, American Foundrymen’s 
Association, Society for the Promotion 
of Engineering Education. He often 
served as chairman on important com- 
mittees connected with these societies. 

Professor Oesterle was an active 
leader in the Boy Scouts of America 
work in the Wisconsin Area and was 
awarded the Order of the Silver Beaver 
by that organization in recognition of 
his efforts in that direction. He wasa 
third degree member of the Knights of 
Columbus and took an active part in 
the boy work of the local council. 

In addition to his many other ac- 
tivities, Professor Oesterle found time 
to act as Consulting Metallurgist for a 
number of neighboring companies for 
the last several years. 











By K. W. VAUGHN 
Director, Project Office 


INTRODUCTION 


The Measurement and Guidance 
Project in Engineering Education is a 
cooperative research project instituted 
for the purpose of studying examina- 
tion procedures appropriate for col- 
leges of engineering. The Project is 
sponsored jointly by the Engineers’ 
Council for Professional Development, 
the Society for the Promotion of Engi- 
neering Education, and the Carnegie 
Foundation for the Advancement of 
Teaching, each organization acting 
through its respective agency for test 
research. 

For a number of years, the S.P.E.E. 
and the E.C.P.D. Committees on 
Student Selection and Guidance have 
conducted researches into the effec- 
tiveness of various types of examina- 
tions for selecting engineering stu- 
dents. These committees have also 
made significant progress in discover- 
ing and applying suitable guidance 
methods for high school students who 
intend to undertake engineering study. 
It is evident from these committee 
reports, some of which have appeared 
in this JOURNAL, that there is an 
increased interest in and need for de- 
pendable examinations for selection 
and guidance purposes in colleges of 
engineering. Recognizing the need for 
more definitive studies of such exami- 


nations, the S.P.E.E. and E.C.P.D. 


The Measurement and Guidance Project in 
Engineering Education 
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Committees on Student Selection and 
Guidance jointly applied to the Car. 
negie Foundation for financial support 
and assistance in the conduct of co 
operative researches. This proposal 
resulted in the organization of the 
present project. 

The Carnegie Foundation has long 
been interested in the efforts of edu- 
cators to improve the educational 
process in engineering colleges. As 
early as 1917 the Foundation financed 
a study of engineering education 
which, like the present one, was 
sponsored by a joint committee of the 
national engineering societies.'! Since 
that time, the Foundation has spon- 
sored and supported many studies of 
collegiate education, several of which 
have been concerned directly or it 
directly with engineering education. 

In 1936, with the assisting sponsor 
ship of four university graduate 
schools, the Foundation inaugurated 
the Graduate Record Examination— 








a series of objective examinations coh 
structed for the purpose of analyzing 
collegiate achievement. The succes 
of this group of tests under an if 
creased sponsorship has pointed the 
way for profitable researches which 


1 Reported by Charles R. Mann, “A Study 
of Engineering Education,’ The Carnegit 
Foundation for the Advancement of Teaching, 
Bulletin No, 11, 1918, 139 p. 
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we now being conducted all along the 
college curriculum. 


AIMS OF THE PROJECT 


The general aim of the present 
project is to discover the effective- 
ness of certain types of objective 
aaminations designed to assist in the 
glection and guidance of engineering 
suidents. It is hoped thereby to 
provide college administrators and 
achers with suitable instruments 
ad methods for adjusting more ade- 
qately the engineering student to his 
initial study in the college of engi- 
neering. 

Within this general purpose, there 
ue six specific objectives as follows: 


()} To develop a battery of objective 
tests (The Pre-Engineering Inventory) 
expressly designed to discover in the 
background of individual students at 
the time they begin engineering study 
certain abilities prerequisite to suc- 
cess in the engineering curriculum; 

()} To develop a battery of achievement 
examinations designed to incorporate 
both the tool and conceptual ma- 
terials characteristic of the pre- 
specialization phase of the engineer- 
ing curriculum; 

() To determine the efficiency with 
which individual test scores (and 
various combinations of test scores) 
derived from the Pre-Engineering 
Inventory predict student success 
during the initial year of the engi- 
neering curriculum; 

() To validate the battery of achieve- 
ment examinations by the appropri- 
ate subjective and objective methods 
commonly applied to such exami- 
Nations; 

() To report all findings to the cooper- 

ative institutions, the S.P.E.E. and 

the E.C.P.D. with concrete sugges- 
tions as to how these findings may 
have implications for the guidance of 
beginning engineering students; and 
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(6) To cooperate wherever possible with 
the technical training programs of the 
several branches of the United States 
Armed Services. 


At the time of this writing, all of the 
above objectives with the exception of 
Number 4 have been at least partially 
realized. The experimental form of 
the Pre-Engineering Inventory has 
been constructed and administered to 
more than 3,000 entering students of 
engineering. The revision of this 
battery is now well under way and the 
revised forms will be available for use 
with freshman classes entering in June 
of this year. The achievement ex- 
aminations, now in process of con- 
struction, are scheduled for completion 
during the latesummer. The Project 
Office is also completing researches 
into the effectiveness of the Pre-Engi- 
neering Inventory results for pre- 
dicting success in A.S.T.P. courses. 
These studies were sponsored by the 
Army Specialized Training Division 
and represent, in part, our cooperation 
with that Division. All of the co- 
operating institutions have received 
reports of preliminary testings and 
final reports will be made as soon as 
the results of our studies are available. 


PARTICIPATING INSTITUTIONS 


In order to carry out the above 
plans, it was necessary to secure the 
cooperation of a number of colleges of 
engineering willing to participate in 
the Project. Since the nature of the 
undertaking and the funds available 
for it placed distinct limitations on the 
number of institutions that could be 
included, it was important that the | 
cooperating institutions represent as 
adequately as possible different geo- 
graphical areas, types of institutions, 
and curricular organizations. The 
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institutions now participating in the 
study are as follows: 


California Institute of Technology 

Carnegie Institute of Technology 

State University of Iowa 

Massachusetts Institute of Technology 

University of Michigan 

Newark College of Engineering 

Northwestern University 

Rose Polytechnic Institute 

North Carolina State College of Agri- 
culture and Engineering 

University of Tennessee 

University of Texas 


It cannot, of course, be argued that 
the above institutions are completely 
representative of colleges of engineer- 
ing in general, but there is sufficient 
diversity of geographical distribution, 
type of institution and breadth of 
curricular organization to be satis- 


factory for research purposes. While 
the Pacific Coast and the Rocky 
Mountain areas are least adequately 
represented, the Middle West, South, 
and Eastern institutions are repre- 
sented by colleges of engineering of 
several different types. The privately- 
endowed institution, the state uni- 
versity, the technical institution, and 
the urban college of engineering are all 
represented in our studies. 

It should be pointed out that while 
the sample of institutions included in 
the study was definitely planned, the 
institutions chosen were selected as 
being representative of a general type 
of institution and not for purposes of 
evaluating these particular institu- 
tions. The Project is in no way con- 
cerned with appraising formal entrance 
_ standards or achievement in the vari- 
ous colleges of engineering partici- 
pating in the study. 

All reports of test results are confi- 
dential in nature and the final research 


MEASUREMENT AND GUIDANCE PROJECT 


reports will be organized in such 4 
manner that the cooperating instity 
tions will be able to identify only the 
results for their own college of engi 


' neeringin these reports. Light throws 


on institutional status is incidental tp 
the Project researches and must be 
sought by the institutions themselves, 
although the Project Office renders all 
possible services and advice in follow 
up studies in which any participating 
institution is interested. 


ORGANIZATION OF THE PROJECT 


The agreement entered into by the 
agencies sponsoring the Project pro 
vided for the establishment of three 
major committees. These are desig 
nated as the Advisory Council, the 
Consultant Committee, and the Meas 
urement Committee. In addition 
these formal committees, the Project 
cooperates wherever possible with 
those committees of the S.P.E.E. and 
the E.C.P.D. whose activities are re 
lated to the activities of the Project. 


Advisory Council 


The functions of the Advisory 
Council are to establish the genera 
policies of the Project, to maintait 
general supervision over its activities, 
and to appraise the work of the 
Project in the light of its objectives 
This committee includes the Chait 
man of the E.C.P.D., the Presidentd 

., the chairmen of fh 
E.C.P.D. and S.P.E.E. Committes 
on Student Selection and Guidane, 
and representatives of the Carnegie 
Foundation. The members of ft 
Advisory Council are as follows: 


Robert E. Doherty, Chairman, — 
S.P.E.E., Carnegie Institute of 
Technology. 
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The Consultant Committee 


The Advisory Council is assisted by 
a Consultant Committee composed 
of prominent engineering educators 
whose training and experience particu- 
larly qualify them for assisting in the 
determination of the Project policies. 
This committee also reviews the ex- 
amination procedures employed by 
the Project. The names of the pres- 
@t members of this committee are 
listed below: 


A. R. Stevenson, General Electric 
Company. 

B. M. Woods, University of Cali- 
fornia. 

B. R. Teare, Carnegie Institute of 
Technology. 

R. H. Frazier, Massachusetts Insti- 
tute of Technology. 

i. S. Rogers, Brooklyn Polytechnic 
Institute. 

Francis M. Dawson, State University 
of Iowa. 
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groups with the work of the Project 
Office. The members of this com- 
mittee are as follows: 


California Institute of Technology, 
L. W. Jones. 
Carnegie Institute of Technology, 
J. B. Rosenbach. 
State University of Iowa, 
John M. Russ. 
Massachusetts Institute of Technol- 
ogy, T. P. Pitre. 
University of Michigan, A. D. Moore. 
Newark College of Engineering, 
F. N. Entwisle. 
North Carolina State College of Agri- 
culture and Engineering, 
T. W. Wood. 
Northwestern University, 
F. G. Seulberger. 
Rose Polytechnic Institute, 
R. K. Strong. 
University of Tennessee, Cecil Camp. 
University of Texas, 
Carl J. Eckhardt. 


The Measurement Committee held 
its initial meeting at the Hotel Shore- 
land, Chicago, on January 14-16, 
1944. At this meeting the committee 
outlined the objectives and content of 
the achievement examinations and 
laid plans for their completion. 


THE PROJECT RESEARCHES 


We hope to go far beyond the test- 
construction functions of the Project 
and to seek more definite answers to 
several of the fundamental questions 
which have troubled engineering edu- 
cators for many years. Since many 
of our researches are spread over a 
front much broader than heretofore 
attempted, we can expect to obtain 
more definite results than those ordi- 
narily obtained from institutional re- 
searches or researches in which only a 
few institutions were represented. 
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Few, if any, previous research projects 
have been afforded as adequate an 
opportunity to study the relationships 


of student ability and success in the | 


engineering curriculum as that pro- 
vided by the present project. The 
accelerated college programs, the tech- 
nical training programs of the various 
branches of the Armed Forces, and the 
pressing need for post-war planning all 
increase in geometric ratio our oppor- 
tunity to study certain factors in- 
fluencing success in the engineering 
curriculum. 

While the objectives of the Project 
listed in a preceding section outline 
our activities in general, these state- 
ments are not sufficiently inclusive to 
describe all of our projected researches. 
Perhaps the simplest method of de- 
scribing these researches is to list a 
number of the questions which will be 
considered in our studies. Some of 
the more important of these questions 
are as follows: 

(1) Are there particular subject-matter 
patterns of high school preparation 
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which influence success in the engi. 
neering curriculum? 

(2) What type or types of examinations 
are especially valuable for predicting 
success in the engineering curriculum? 

(3) What reliance can be placed in exami- 
nation results for predicting succes 
in the engineering curriculum? 

(4) Are there distinctive types of eng. § Th 
neering students which can be identi- § NAL 
fied on the basis of entrance test 
results? 

(5) Are the interests and hobbies of be. 
ginning engineering students related 
to student ability and achievement? 





We recognize that we cannot offer 
conclusive answers to all of the above 
questions, but our efforts can at least 
throw added light on many of the 
problems inherent in these questions 
We hope by thus identifying and 
carefully studying these and related 
problems that this concerted attack on 
the guidance problems of engineering 
education will prove highly profitabk 
not only for those institutions partic 
pating in the Project, but for engt 
neering education in general. 
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Deak Mr. Epiror: 

The January number of the Jour- 
YAL OF ENGINEERING EDUCATION is 
specially interesting to me in that it 
clearly shows a tendency which I 
fear will be all too prevelant during the 
years to come after the war. This is 
the tendency in schools of engineering 
fo belittle and stifle any general col- 
kgiate non-professional education in 
the attempt to get more and more 
gineering specialization into the 
sandard four year course. 

For twenty-five years we engineers 
lave been paying lip service to the 
wed for the young engineer to have 
But try 
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s related 
-vement? 
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rofitabe§ get time for such training in the 
partic: Godinary year course and you find 
or eng ™aculties saying, 


“Sorry it is impossible; Our chief 
ompeting engineering school gives 
more advanced work in engineering 
during the first years of the course. 
lfwe require any history or philoso- 
jy, or psychology, or literature the 
students will all go to the competing 
tigineering school where they can put 
il their time into the mathematics, 
jhysics, and drawing which are basic 
engineering. Let’s put some his- 
fry and philosophy into the 5th year 
vhen the student is mature enough to 
tally understand their implications! 
course there won’t be many stu- 
nts in the fifth year but at least we 
vill keep our four year enrollment.” 

Never have I happened to see the 
tiflerence between lip service and the 
fposed actual practice better ex- 
mplified than in your January issue. 
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Letter to the Editor 


First as to the lip service. On page 
379 Mr. Yarnell says, ‘‘so should we 
engineers be planning well ahead in 
our educational field particularly as it 
relates to engineers’ responsibility in 
civic affairs.” Page 381, ‘‘In 1940 
were the engineering faculties . . . 
conscious of the inadequacy of fresh- 
man preparation in United States his- 
tory?”’ On page 381 the committee 
on post-war planning reiterates the 
1934 words of Charles F. Scott, “An 
undergraduate course should equip 
wholesome and qualified youth with a 
basic acquaintance with science, famil- 
iarity with engineering methods, and 
an appreciation of social relations.” 
On page 443 Gano Dunn, “If an engi- 
neer’s training neglects the great 
human mirrors of history . . . his 
career as an engineer is limited.” 

These are all brave words. We 
read them with appreciation and ap- 
proval. But when it comes to an 
actual Engineering Curriculum what 
do we do? Turn to page 410 and 
study the proposed curricujum in con- 
struction engineering. In the whole 
course of four years 25 hours a semester 
for 8 semesters, a total of 200 semester 
hours, there is allowed not one single 
hour for history, literature, sociology, 
or philosophy! It is true that 9 hours 
of English composition and 6 hours of 
economics are provided but both of 
these are rightly considered as tool 
courses rather than subjects that give 
a liberal and enlightened outlook. 
Granting for the moment that the 
English and the economics are outside 
the engineering field, every other bit 
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of the 200 hours is in the field of science 
and specialized training. 
It seems to me perfectly ridiculous 


to require students to do 200 semester . 


hours for a bachelors degree. Twenty 
five hours of work with high quality 
cannot be done if a ‘‘senester hour’”’ is 
to mean the ordinary amount of out- 
side study to which we are accustomed. 
And it seems to me even more tragic 
that these students are to be com- 
pletely isolated from all human re- 
lationships for 4 years. 

The author does suggest among the 
possible options of the 5th year (but 
not even dignified by a number of 
hours) that as a last resort the student 
might elect languages, history, and 
liberal arts subjects. 

But by turning to pages 367 and 374 
we see that about 49,000 students are 


in 4 year courses and about 2700 in 
courses beyond the four years, roughly 


5%. Thus this particular program 
evidently assumes that 95% of the 
students will get very little if any of 
the so-called broadening subjects in 
their college education. 


LETTER TO THE EDITOR 


Of course this particular pre 
has not been adopted so far as I kj 
at any reputable engineering scl 
but the author maintains (page 
that it is “based on some of) 
existing courses in civil engineerit 

I venture to hope that in the yj 
to come the engineering faculties 
resist the temptation to crowd 
curricula with technical subjects,‘ 
will require a reasonable part of} 
ordinary four year course, say 109 
be spent in subjects that have not 
to do directly with engineering— 
tory, aesthetics, political science, § 
ology, literature and philosophy. 9 

It is perfectly evident that sud 
program will cut out 10% of the: 
vanced engineering subjects wh 
could replace these cultural subj 
but for myself, I am in full agreem 
with those engineers like Mr. Yat 
and Mr. Dunn who continually te 
every chance that they get that 
shall do well to give some breadthig 
training rather than all technology | 

Yours very truly, i 
Puitip C. NASH 
(Received March 1, 1944) 








